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Stellingen 
- De klinische tekenen van een kortbestaande posttraumatische dystrofie 
wijzen op een inflammatoir proces. 
- Bij posttraumatische dystrofie kunnen alle functies en structuren van de 
extremiteit worden aangetast. 
- Posttraumatische dystrofie wordt niet veroorzaakt door een stoornis van 
het sympathisch zenuwstelsel maar gaat gepaard met sympathische 
stoornissen. 
- Ondanks uitgebreide stoornissen ¡n sensibiliteit en motoriek bij post-
traumatische dystrofie kunnen met de huidige onderzoeksmethoden 
(electromyografie en single fiber electromyografie) geen afwijkingen 
aan perifere zenuwen worden aangetoond. 
- Ernstige chronische pijn is geen indicatie om een extremiteit met ern-
stige posttraumatische dystrofie te amputeren. 
- Bij een acute warme posttraumatische dystrofie is een sympathicus 
blokkade niet een sympathieke blokkade. 
- Het obligaat doen oefenen van patiënten met posttraumatische dys-
trofie, onder het motto dat een posttraumatische dystrofie onstaat door 
inactiviteit, lijkt meer op marteling dan op dwangarbeid. 
- Wanneer aan de opleiding heelkunde wordt begonnen en tevens kinder-
wens bestaat, dient de partner deeltijdwerk na te streven of van werk af 
te zien. 
- Naarmate fysiotherapeuten beter zijn opgeleid, masseren zij minder. 
- Aangezien er een omgekeerd evenredige relatie bestaat tussen de maxi-
maal haalbare leeftijd van een organisme en zijn vermogen tot oxidatief 
metabolisme, kan men de mens als een lui organisme beschouwen. 
- De archaïsche gewoonte om proefschriften te drukken, terwijl de inhoud 
al gepubliceerd is en/of op diskette staat, draagt bij aan de ontgroening 
van Nederland. 

LIST OF ABBREVIATIONS 
ACTH 
ADL 
ADP 
ATP 
CNS 
CMAP 
COPD 
CTS 
EM 
EMG 
¡.v. 
IASP 
MRI 
NMR 
NSAID 
RSD 
sf-EMG 
SSEP 
TNF 
adenocorticotropic hormone 
activities of daily life 
adenosine diphosphate 
adenosine triphosphate 
central nervous system 
compound motor action potential 
chronic obstructive pulmonary disease 
carpal tunnel syndrome 
electron microscope 
electromyography 
intravenously 
international association for the study of pain 
magnetic resonance imaging 
nuclear magnetic resonance 
nonsteroidal antiinflammatory drug 
reflex sympathetic dystrophy 
single fiber electromyography 
somatosensory evoked potentials 
tumor necrosis factor 

CONTENTS 
page 
List of abbreviations V 
Chapter 1 General introduction and aim of the study 1 
Chapter 2 Review of literature 5 
2.1 History 7 
2.2 What's in a name? 10 
2.3 Epidemiology 13 
2.3.1 Etiology 13 
2.3.2 Incidence 13 
2.3.3 Risk factors 16 
2.4 Pathogenesis 17 
2.5 Diagnosis 21 
2.5.1 Radiographs 21 
2.5.2 Nuclear scan 22 
2.5.3 Thermometry and thermography 23 
2.5.4 Testing sympathetic function 23 
2.5.5 Diagnostic criteria 24 
2.5.6 Differential diagnosis 26 
2.6 Localization 27 
2.7 Therapy 28 
2.8 References 31 
Chapter 3 Clinical signs and symptoms of reflex sympathetic 
dystrophy. 
Prospective study of 829 patients. 45 
Lancet 1993;342: 1012-6 
Chapter 4 Are there three stages of reflex sympathetic dystrophy? 54 
Submitted 
Chapter 5 Reflex sympathetic dystrophy of the head. 
Case report and discussion of diagnostic criteria. 67 
Journal of Trauma 1994; 36: 119-21 
Vili Contents 
Chapter 6 Shoulder complaints in patients with reflex sympathetic 
dystrophy of the upper extremity. 75 
Archives of Physical Medicine and Rehabilitation. In press. 
Chapter 7 Is reflex sympathetic dystrophy caused by nerve injury ? 
Electromyography in 75 patients. 85 
Chapter 8 Pseudoparalysis in reflex sympathetic dystrophy. A single 
fiber EMG study. 97 
Submitted 
Chapter 9 Multiple reflex sympathetic dystrophy. 
Which patients are at risk for developing a recurrence of 
reflex sympathetic dystrophy in the same or another 
extremity. 107 
Submitted 
Chapter 10 Sequelae of reflex sympathetic dystrophy. 117 
Chapter 11 Botulinum toxin does not relieve dystonia in patients 
with reflex sympathetic dystrophy. An argument for a 
muscular origin of the spasms? 131 
Submitted 
Chapter 12 Surgery on extremities with reflex sympathetic dystrophy 139 
Der Unfallchirurg. In press. 
Chapter 13 Amputation for reflex sympathetic dystrophy. 149 
Journal of Bone & Joint Surgery (British edition). In press. 
Chapter 14 General discussion 161 
14.1 Analyzing the clinical syndrome 163 
14.2 Considerations about the pathogenesis 165 
14.2.1 Sympathetic dysfunction 165 
14.2.2 Is RSD caused by nerve injury? 166 
14.2.3 Is RSD caused by an exaggerated inflammatory 
reaction ? 167 
14.3 What's in a name? 168 
14.4 References 168 
Contents IX 
Summary and conclusions 171 
Samenvatting en conclusies 177 
Dankwoord 183 
Curriculum Vitae 185 

chapter 
1 
GENERAL INTRODUCTION 
AND 
AIM OF THE STUDY 

General introductiqn^nd aim of the study_ 3 
Reflex sympathetic dystrophy (RSD) ¡s a syndrome surrounded with confu-
sion. Though already described in the 19th century, still many aspects are 
unknown. 
Complaints usually start after trauma or surgery but sometimes no precipi-
tating event can be identified. Despite adequate treatment of the initiating 
injury or correctly performed surgery, some patients develop new com-
plaints. Pain, swelling, discoloration, changes in temperature, decreasing 
range of motion and inability to perform exercise may develop in the 
affected limb. Many other signs and symptoms may be present, especially 
neurologic disturbances. The severity of these symptoms varies widely, 
but when the syndrome progresses it may result in a completely defunc-
tionalized extremity. 
For several reasons, RSD may be frustrating for both the patient and the 
treating physician. Many patients attribute their complaints to poor treat-
ment and some even may sue their physician for malpractice. On the other 
hand, many physicians, who treated the patient as good as any other 
patient, may not relate the presenting signs and symptoms to the injury, to 
the treatment or the type of operation performed. They easily relate the 
complaints to affectation, sickness benefit or psychologic disturbances. As 
a consequence, the complaints are not taken seriously. This is one of the 
reasons why so many prejudices and unproven statements can still be 
read in today's reports, even in highly qualified and peer-reviewed jour-
nals. 
• Aim of the study 
In contrast to the many hypotheses, opinions and prejudices, only few sci-
entific data are available about RSD. Physicians disagree about the clinical 
presentation, diagnostic criteria, staging, pathogenesis, prognosis, therapy 
and even the denomination of the syndrome. Reported signs and symp-
toms concern mostly patients with severe illness and in a late stage of 
RSD. Many signs and symptoms have been described only in case reports, 
providing no information on their incidence. 
The aim of the present thesis is to discuss the following aspects of RSD 
and answer the related questions: 
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I. Analyzing the clinical syndrome 
- Inventarisation of all signs and symptoms in a large patient popula-
tion (chapter 3) 
- Relating signs and symptoms to the length of time RSD exists. Can 
the classical staging into three consecutive stages be confirmed? 
(chapter 3 and 4) 
- Does the syndrome occur in extremities solely, or are other localiza-
tions possible? (chapter 5) 
- What is the nature and incidence of shoulder complaints occurring in 
patients suffering from RSD of the upper extremity? (chapter 6) 
- Can RSD be attributed to nerve injury? (chapter 7 and 14) 
- What is the nature of pseudoparalysis occurring in RSD? (chapter 8) 
- What is the prevalence of recurrences? (chapter 9) 
- What complications can occur in RSD? (chapter 10) 
II. Analyzing specific problems in treatment 
- Are botulinum toxin injections helpful in treating dystonia in RSD? 
(chapter 11) 
- What are the indications and results of surgical treatment for localized 
problems in extremities affected by RSD? (chapter 12) 
- What are the indications and results of amputation for RSD? (chapter 
13) 
III. Discussing pathogenesis (chapter 7 and 14) 
chapter 
2 
REVIEW OF LITERATURE 

Review of literature 7 
The literature concerning reflex sympathetic dystrophy (RSD) is extensive. 
Approximately 2000 articles dealing wi th this syndrome have been pub-
lished. During the last decade, approximately 100 articles are devoted to 
this syndrome every year, but many articles are barely informative, and 
prospective control led studies are scarce. Therefore many aspects of RSD 
still remain obscure 281. 
To avoid dupl icat ion, several aspects of RSD are not discussed in this 
chapter, but in the fo l lowing chapters; signs and symptoms (chapter 3), 
staging (chapter 4), shoulder hand syndrome (chapter 6), recurrences 
(chapter 9) and complications (chapter 10). 
• 2.1 History 
In former centuries, several cases have been described which we today 
probably wou ld classify as a RSD. Ambroise Paré (1510-1590) reported that 
his patient, king Charles IX, suffered f rom severe pain and weakness in the 
upper extremity after a phlebotomy. Fortunately, the pain disappeared 
after 3 months2 0 3 . 
A more detailed description of the clinical signs and symptoms was 
reported in 1864 by Mitchell and two college-residents in surgery, in 
patients suffering f rom gunshot wounds in the American Civil War w . 
".... a painful swelling of the joints...may attack any or all articulations of a mem-
ber. It ¡s distinct from the early swelling due to the inflammation about the 
wound itself, although it may be masked by it for a time; nor is it merely a part of 
the general edema... Once fully established, it keeps the joint stiff and sore for 
weeks or months. When the acute stage has departed, the tissues become hard 
and partial ankylosis results ...." 
Mitchell et al 1864 187 
Later, he named the syndrome causalgia, which is the Greek word for 
burning pain 186. He noticed that the pain was characteristically of a burn-
ing character and attr ibuted the syndrome to the consequences of nerve 
injury. In the present t ime, the name causalgia is still used for RSD devel-
oping after nerve injury, especially in the American literature. 
From the beginning of this century until wor ld war II, three different schools -
separated by language - existed: The German, French and American school. 
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German school 
Sudeck, a surgeon f r o m Hamburg, reported in 1900 acute patchy osteo­
porosis as a specific radiographic f inding as a complicat ion of infection in 
extremities 253. Independent f r o m Sudeck, Kienbock reported in 1901 the 
differences between acute bone atrophy and atrophy due to inactivity ш . 
Soon many German reports fo l lowed concerning this syndrome, all stating 
that osteoporosis was the main s y m p t o m . Other signs and symptoms 
were often not ment ioned, or considered to be of little or no importance. In 
1936, Rieder - one of Sudeck's pupils - proved that the radiographically vis­
ible atrophy is based on increased reconstruction of bone. In bone biop­
sies, he noticed areas of increased destruction next to areas of increased 
reconstruction of not yet calcified bone 221. Therefore, he suggested it 
w o u l d be more appropriate to describe the condit ion as a dystrophy 
instead of atrophy. Besides the histologic studies of bone tissue, Rieder 
noticed trophic changes in the other tissues as wel l . As a consequence he 
left the term "bone atrophy" and introduced the term l imb dystrophy 
("Gl iedmaßendystrophie") . 
German physicians considered that the syndrome was caused and sus-
tained by a reflex, probably travell ing through the central nervous system. 
Sudeck attr ibuted the syndrome to an excessive inf lammatory process254. 
"die Gliedmaßendystrophie, ¡st ein pathologischer Verlauf des an sich physio-
logischen kollateralen Entzundungsvorganges" 
Sudeck1942 
This " in f lammatory hypothesis" has never found many adherents. Still 
Sudeck's name is attached to the syndrome and the accompanying patchy 
osteoporosis in particular. 
French School 
Charcot wrote in 1890 45 " l 'oedème bleu des hystériques" which he charac-
terized as non-pit t ing edema, changes in color, changes in skin tempera-
ture, tenderness of the skin and frequently - but not always - pain. Accord-
ing to Charcot the syndrome was caused by selfsuggestiona. He became 
the founder of the French school on RSD. 
During and after wor ld war I, two neurologists Babinsky and Froment, pub-
lished many articles reporting paresis and vasomotor disturbances occur-
ring after minor injury 15. 
a Today we understand "I'oedeme blue de Charcot" as edema with sharp edges without pain 
and sometimes with cyanosis, caused by pinched off bands 
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Leriche, a neurosurgeon, and his pupils introduced the name algodystro-
phy. They thought the syndrome was caused by an increased activity of 
the sympathetic nervous system and introduced treatment with surgical 
sympathectomy, in those days a peri-arterial sympathectomy 170171. This 
treatment soon became the treatment of choice in France and after world 
war II in other countries. 
American School 
After Mitchell et a l 1 θ 7 described the syndrome in detail in 1864, not much 
attention was paid to RSD in the American literature. In 1933, two French 
physicians published a review in the Annals of Surgery 94 which renewed 
interest. Again Mitchell's book was cited. De Takats64 published the first 
large series of American patients and in 1943, Johnson described the 
syndrome following myocardial infarction - "post-infarctional sclero-
dactylea" 142. Not until after world war II, special interest for this syndrome 
was raised and many reports appeared. All pointed out the importance of 
sympathetic blockades in treatment. 
After world war II 
Osier reported in 1897 movement disorders of both hand and shoulder in 
patients suffering from angina pectoris2 0 0. In 1943, Johnson related the 
afore mentioned pain localizations to RSD 142. It lasted until 1947, when 
Steinbrocker characterized this syndrome as a specific entity and called it 
the shoulder-hand syndrome 248. He also introduced oral treatment with 
corticosteroids in 1953 250. 
Serre in France238 and Kozin in the United States 154 applied nuclear scans 
in RSD patients, especially bone scans using technetium labelled methyl-
enediphosphonate. They found typical diffuse disturbances in peri-articu­
lar areas. Later Kozin introduced the three-phase-nuclear scan 156. Hanning-
ton-Kiff introduced the intravenous regional blockade of the sympathetic 
nervous system with guanethidine in 1974 122, which today - together with 
physical therapy - is probably the most frequently applied treatment. 
Nowadays, French literature on RSD still is very different from both Anglo-
Saxon and German literature. French physicians use the term algodystro-
phy and report patients with RSD localized around the hip joint or spine 
(§2.6), localizations which have not been described outside France. They 
also report of a higher incidence of RSD in patients taking tuberculostatics 
or barbiturates. 
With the establishment of pain clinics and pain research centers since 
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approximately 1980, interest in neural processes are renewed. Based on 
experimental data in animals, new hypotheses have been proposed, prov­
ing neuroplastic processes in the medulla and neural interactions between 
peripheral nerves at both neural and receptor level1 1 6 в 2 2*. These newly 
described mechanisms are probably important in maintaining the vicious 
circle of pain, but can not explain why RSD is initiated. In the last decade, 
the role of the sympathetic nervous system in the pathogenesis is ques­
tioned more and more (see §2.4 and §14.2), but so far the cause of RSD 
remains obscure. 
12.2 What's in a name? 
There is a striking dispute concerning the name given to the syndrome. 
Table 2.1, 2.2, 2.3 and 2.4 show lists of names found in literature which al 
concern the same syndrome. 
Table 2.1 Names found in French literature 
algodystrophie 
algodystrophie décalcifiante 
algodystrophie parcellaire 
algodystrophie réflexe 
algodystrophie réflexe posttraumatique 
algodystrophie sympathique 
algodystrophie sympathique réflexe 
algoneurodystrophie 
algoneurodystrophie décalcifiante 
algoneurodystrophie réflexe 
atrophie de Sudeck 
atrophie en masse 
atrophie osseuse de Sudeck 
causalgie 
causalgie envisagée 
dystrophie de Sudeck 
dystrophie réflexe indolente 
etat physiopathique de Vulpian 
l'oedème bleue des hystériques 
oedème dur, aigu 
Osteodystrophie localisée de Sudeck 
osteoporose douloureuse posttraumatique 
osteoporose osteo-arthrite dystrophique 
osteoporose posttraumatique 
osteotrophie traumatique 
paralyse d'ordre réflexe 
paralyse reflexes et troubles trophiques 
reflexes 
Pourtour du Petit syndrome 
rhumatisme gardenalique 
rhumatisme neurotrophique 
syndrome epaule-mam 
syndrome physio-pathetique 
Many denominations highlight certain aspects of the syndrome. Algodys-
trophy, introduced by Leriche in 1916 171, refers to pain and is widely used 
m French speaking countries. Sudeck atrophy refers to the osteoporosis 
found on radiographs. When nerve injury was the etiologic event, many 
physicians would use "causalgia" after Mitchell 18S. If precipitated by other 
events than nerve injury, some would utilize different names, such as 
minor causalgia 129 or mimocausalgia 204. Posttraumatic dystrophy refers to 
the traumatic event which usually precedes the development of RSD. 
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Table 2.2 Names found m anglo-saxon literature 
acute atrophy of bone 
acute osteoporosis 
algodystrophy 
algoneurodystrophy 
angiospastic syndrome 
causalgia 
cerebrospinal pain syndrome 
chronic segmental arterial spasm 
chronic traumatic edema 
hyperesthetic neurovascular syndrome 
idiopathic painful decalcification of the foot 
major causalgia 
major traumatic dystrophy 
migratory osteolysis 
mimocausalgia 
minor causalgia 
minor traumatic dystrophy 
neurodystrophic syndrome 
neurotrophic rheumatism 
non-infectious bone atrophy 
painful osteoporosis 
peripheral acute trophoneurosis 
peripheral trophoneurosis 
post-infarctional sclerodactylia 
posttraumatic acute bone atrophy 
posttraumatic algodystrophy 
posttraumatic arteriospasm 
posttraumatic dystrophy 
posttraumatic neuralgia 
posttraumatic neurodystrophy 
posttraumatic neurovascular pain syndrome 
posttraumatic edema 
posttraumatic osteodystrophy 
posttraumatic osteoporosis 
posttraumatic pain syndrome 
posttraumatic painful osteoporosis 
posttraumatic reflex dystrophy 
posttraumatic spreading neuralgia 
posttraumatic sympathalgia 
posttraumatic sympathetic atrophy 
posttraumatic sympathetic dystrophy 
posttraumatic trophoneurosis 
posttraumatic vasomotor disorder 
posttraumatic vasomotorie dystrophy 
pourfour du Petit syndrome 
reflex arterial spasm 
reflex atrophy 
reflex dystrophy 
reflex hyperemic deossification 
reflex nervous dystrophy 
reflex neurovascular dystrophy 
reflex sympathetic dystrophy 
regional migratory transient osteoporosis 
shoulder-hand syndrome 
shoulder-hand finger syndrome 
Sudeck's acute inflammatory atrophy 
Sudeck's atrophy 
Sudeck's osteodystrophy 
Sudeck posttraumatic osteoporosis 
swollen atrophic hand 
sympathalgia 
sympathetic dependent pain 
sympathetic dystrophy 
sympathetic imbalance to trauma 
sympathetic neurovascular dystrophy 
sympathetic trophoneurosis 
sympathetically maintained pain 
thalamic syndrome 
thermalgia 
transient osteoporosis 
(idiopathic) transient painful osteoporosis 
transitory demineralization 
traumatic angiospasm 
traumatic edema 
traumatic neuralgia 
traumatic osteoporosis 
traumatic vasospasm 
traumatic vasospastic disease 
trophic edema 
Also names are given dependent of the medical specialty of the treating 
physician: cardiologist speak of post-infarctional sclerodactylia, anes-
thetists of Pourfour du Petit syndrome, neurologists of causalgia and 
radiologists of Sudeck's atrophy. 
Shoulder-hand syndrome is used when RSD of the hand is accompanied 
by complaints of the shoulder. 
In many cases adjectives are included, which refer to a presumed patho-
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Table 2.3 Names found in German literature 
akute entzündliche Knochenatrophie 
akute fleckige Knochenatrophie 
akute Gliedmaßendystrophie 
akute Knochendystrophie 
akute reflektorische Knochenatrophie 
akute traumatische Knochenatrophie 
akute trophoneurotische Knochenatrophie 
algodystrophie 
algodystrophie-Syndrom 
algoneurodystrophie 
atrophia maculata 
dystrophische Pseudoarthritis 
dystrophischer Pseudorheumatismus 
Gliedmaßendystrophie 
idiopathische Algodystrophie 
Kausalgie 
kollaterale Entzündungszustande 
Morbus Sudeck 
neurotische Knochenatrophie 
neurotrophischer Rheumatismus 
posttraumatische Dystrophie 
posttraumatische Knochenatrophie 
posttraumatische Osteoarthritis 
posttraumatische Osteoporose 
posttraumatische Reflexdystrophie 
posttraumatisches Spatoedem 
posttraumatische Sudecksche 
Gliedmaßendystrophie 
posttraumatische Sudecksche Knochenatrophie 
reflex-algodystrophie 
reflexdystrophie 
reflexdystrophisches Odern 
schmerzhafte nicht-traumatische idiopathische 
transiente Osteoporose 
Stauungsatrophie 
Sudeck 
Sudeck-Babinski-Leriche Syndrom 
Sudeck-Syndrom 
Sudecksche Atrophie 
Sudecksche Dystrophie 
Sudecksche fleckförmiger Knochenumbau 
Sudecksche Gliedmaßendystrophie 
Sudecksche Knochenatrophie 
Sudecksche Krankheit 
Sudecksche Syndrom 
sympathisches distress Syndrom 
sympathische Reflexdystrophie 
traumatisches chronisches Ödem 
trophische Osteitis 
vasomotorisch-trophische Neurose 
vegetativ-zirkulatorische Dystrophie 
genesis, such as "vasospastic", "neurotrophic", "neurovascular" or 
"reflex". Most frequent "sympathetic" is included because the sympa-
thetic nervous system is thought to play an important role in the pathogen-
esis. Today, the name sympathetically maintained pain - introduced by 
Roberts in 1986 - is popular among pain-researchers 224. Roberts intro-
duced this name for a chronic neuropathic pain condition, where pain and 
hyperalgesia are relieved following sympathetic blockade. 
In the Netherlands the same confusion is present. Names used in other 
languages are translated literally. The name "posttraumatische dystrofie", 
introduced by Bonnet36 is preferred because it refers to the most frequent 
etiologic factor and it excludes any referral to a supposed pathogenesis. 
Some syndromes are hard to distinguish from RSD and probably are 
forms of RSD such as transient regional osteoporosis 160, trench foot after 
local cold injury or reperfusion syndrome after revascularisation of an 
ischemic limb. 
In this thesis the name reflex sympathetic dystrophy is used because this 
Review of literature 13 
name ¡s used ¡η the index medicus and medline. This denomination refers 
to a reflex, which suggests a neurological process, and it refers to the pos­
sible role of the sympathetic nervous system in its pathogenesis. To cir­
cumvent unfruitful discussions on the name, however, the term RSD was 
chosen in this thesis. Later, in §14.3, when the clinical aspects and patho­
physiology of RSD have been analyzed, the denomination of the syndrome 
will be discussed further. 
Table 2.4 Names found in Dutch literature 
algodystrofie 
neuro-sympathische algodystrofie 
posttraumatische dystrofie 
posttraumatische reflexdystrofie 
posttraumatische vegetatieve reacties 
reflectoire neurovegetatieve dystrofie 
reflectoire sympathicusdystrofie 
reflex algodystrofie 
reflex dystrofie 
reflex sympatische dystrofie 
schouder hand syndroom 
Sudeck 
Sudeckse atrofie 
sympathische reflexdystrofie 
• 2.3 Epidemiology 
• 2.3.1 Etiology 
RSD may develop after a variety of incidents, but most frequently after 
trauma or surgery. RSD may develop after crush injuries in which all tis­
sues are severely damaged, but also after a minor sprain or contusion for 
which the patient did not even consider consulting a physician 152. So, 
there is no relation with the type nor with the severity of the injury. 
Also, many other - non-traumatic - etiologic moments have been 
described. RSD has been reported after a local infection, cancer of internal 
organs, myocardial infarction 142202, herpes zoster249 or hemiplegia. On the 
other hand spontaneous development of RSD has been reported in up to 
10-24% of reported cases ^ 2 2 3 8 2 4 9 2 5 2 . So, RSD may develop after all types of 
injuries to all possible tissues of an extremity. Until now, no specific mea­
sures are known to prevent the occurrence of RSD after trauma or surgery. 
12.3.2 Incidence 
Reliable data on the incidence of RSD are hard to find, due to several rea­
sons: 
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1. diagnostic criteria differ widely. As a consequence, reported incidences 
of RSD differ according to the entry-criteria for diagnosis (see also §2.5 
and chapter 3 and 5). 
2. prospective studies are lacking. Most data are found in retrospective 
studies and it is unlikely that all patients at risk are carefully investi-
gated for occurrence of RSD. 
3. incidence-rates are derived mostly from studies which report results of 
treatment in different type of diseases, as RSD is one of the possible 
complications of the treatment. Some authors even suggest that RSD 
can be avoided by correct treatment. For these reasons, it is likely that 
negative results - occurrence of RSD - are not reported. 
Table 2. S Incidence of RSD 
source 
trauma ¡n general 
Chan 1981 
Plewes 1956 
Poplawski 1983 
fracture 
van Laarhoven 1994 
Maurer 1940 
Bierling 1955 
Wagner 1960 
Sarangi 1993 
nerve injury 
Ulmer 1946 
Orner 1971 
Jebara 1987 
surgery 
Roos 1971 
Kleinen 1973 
Macdonald 1978 
üchtman 1979 
Skrabal 1979 
de Lee 1985 
Katz 1986 
diverse 
Johnson 1943 
Abe 1971 
Davis 1977 
Tepperman 1984 
η 
3,000 
80,000 
14,000 
658 
3,040 
3,170 
745 
60 
1,477 
1,400 
345 
276 
17,500 
186 
100 
120 
118,590 
662 
178 
66 
540 
85 
patients 
hand injuries 
trauma patients 
trauma patients 
ankle fractures 
limb fractures 
limb fractures 
limb fractures 
tibial fracture 
nerve injuries 
nerve injuries 
nerve injuries 
1st rib resection 
operations upper limb 
carpal tunnel release 
carpal tunnel release 
meniscectomy 
knee arthroscopy 
knee prosthesis 
myocardial infarction 
myocardial infarction 
stroke patients 
stroke patients 
incidence RSD 
0.66 
0.05 
0.9 
2.2 
6.6 
18.5 
12.7 
30 
5 
5 
5.8 
1.8 
2.9 
2 
5 
27.5 
0.04 
0.8 
21.9 
32 
12.5 
25 
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For instance: Bonier32, who has undoubtedly contributed a lot to the 
treatment of fractures, stated that he knew only 4 cases of RSD in 12,000 
treated patients with Colles' fracture. He further stated that RSD can be 
avoided by correct treatment but did not produce data. However, recent 
studies report a 5-10% incidence of RSD after distal radius fractures 
(table 2.6). 
Therefore, the reported incidence differs widely (table 2.5). 
Because fractures of the distal radius are extensively studied, in both retro­
spective and prospective studies, hard data are available concerning the 
incidence of RSD. Unfortunately, the incidence of RSD ranges from 0.03% 
to 16% in retrospective studies and from 7 to 37% in prospective studies 
(table 2.6). Again, these differences can be explained by differences in 
diagnostic criteria. 
Surprisingly, the odds for developing RSD after a fracture of the lower limb 
are twice as high, compared to fractures of the upper limb (table 2.7). Also, 
RSD occurs especially after trauma - or surgery - located at the peripheral 
part of an extremity, i.e. the hand/foot or wrist/ankle. 
Table 2.6 Incidence of RSD after fractures of the distal radius. These data represent 
patients with fractures of the distal radius who were conservatively treated. 
When treated with external fixation, incidence increases to 20% 229 266 27Э 275. 
fractures distal radius 
η 
12000 
39 
767 
2525 
860 
274 
196 
59 
80 
274 
RSD (%) 
4 (0,03%) 
4(10%) 
53 ( 7%) 
31 ( 1%) 
?( 4%) 
44(16%) 
14 ( 7%) 
22 (37%) 
10 (13%) 
76 (28%) 
retrospective studies 
Böhler 1956 
Wagner 1960 
Rehn 1965 
Freund 1970 
Ascherl 1981 
Bickerstaff 1991 
prospective studies 
de Bruijn 1987 
Atkins 1990 
Roumen 1991 
Bickerstaff 1994 
* Diagnosis made with objectivated clinical signs and symptoms 
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Table 2.7 Incidence of RSD after fractures of the upper limb compared to fractures of 
the lower limb, reported in early German studies. 
Schneider Maurer Wagner Bierling 
1937 1940 1960 1955 
upper limb 2 5 8 14 
lower limb 6 9 17 26 
• 2.3.3 Risk factors 
Equal injuries will give rise to RSD in some patients but not in others. Why 
do a minority of patients develop RSD while the majority does not ? Also 
RSD may develop after minor injury and in some patients even sponta­
neously. This suggests that the same injury can provoke RSD in sensitive 
patients but not in others. 
Gender 
In studies presenting more than 100 RSD patients, most patients were 
female (table 2.8). 
Age 
RSD may develop at any age. It has been stated that RSD typically occurs 
in young females or postmenopausal females 27ЭЭ, but these statements 
have never been proven. In studies presenting large series of patients, the 
age distribution of RSD patients shows a normally distributed population 
with a maximum between 40 and 50years 3 1 5 2 2 0 2 2 0 4 2 3 1 2 5 2 . 
Most series deal with adult patients only, but RSD does occur in chil­
dren 22280. In contrast to RSD in adults, symptoms in children may be 
mild 9096, radiographs and nuclear scan may remain negative 2 3 7 4 and prog-
Table 2.8 Percentage females in studies presenting more than W0 RSD patients 
source 
Рак 1970 
Subarrao 1981 
Acquaviva 1982 
Kleinert 1973 
Patman 1973 
Gougeon 1982 
Sadil 1987 
etiology 
multiple 
multiple 
multiple 
trauma 
multiple 
multiple 
multiple 
η 
140 
125 
765 
506 
113 
573 
147 
% female 
63 
74 
52 
45 
56 
52 
61 
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nosis is better96262. However, these findings have never been proven. 
From the epidemiology of trauma patients it is known that mostly young 
people are injured. Apparently, the incidence of RSD after trauma is much 
higher between 40 and 70 years than it is at a younger age, which suggest 
that age is a risk factor. 
Medication and coexistent diseases 
Hyperlipidemia has been reported as a risk factor for RSD39118. But recent 
studies report that serum cholesterol and triglyceride levels are not differ-
ent between RSD-patients and controls85. Also an increased prevalence 
of hyperuricemia 39115, diabetes mellitus3115169, pregnancy3283 and alco-
holism 3 have been reported in RSD-patients, but none of these factors 
have been conclusively proven in controlled studies to increase the risk of 
RSD. Bériel reported in 1934 polyarthritis in patients using barbiturates21. 
He called the condition "rhumatisme gardenalique". Later, several authors 
reported barbiturate as a risk factor for RSD388115131267. Others have 
described that isoniazide increases the risk of sustaining RSD 318Э. Espe­
cially French studies have reported an increased prevalence of coexistent 
diseases and administered medication among patients with RSD. Unfortu­
nately, these studies utilized poor diagnostic criteria for RSD and part of 
the patients suffered from RSD localized around a knee or hip joint or 
developing in pregnancy. These aspects were never reported in English lit­
erature. 
Others 
Smoking has been reported once as a risk factor1 0, but this was not con­
firmed by another report2 0 5. 
We do not know whether race is a risk factor for developing RSD. Only one 
study is available on race differences. In this study the incidence of RSD 
among the black population was slightly less 152. 
A familial presentation of RSD has only been reported in case reports6 8 3, 
but never in large series of patients. 
It is concluded that RSD more frequently occurs in females and at older 
age. 
• 2.4 Pathogenesis 
No conclusive evidence, demonstrating the pathophysiologic pathway 
leading to RSD, is present. RSD has, at this moment, not been reproduced 
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¡η an experimental model and there is no corollary to RSD in veterinary 
medicine. Several hypotheses can be read in todays literature. 
Result of inactivity? 
Some have thought RSD results from inactivity, knowingly imposed or as a 
result of scarce stimulation. Lack of physiologic stimuli or congestion due 
to decreased venous return are the key factors in this hypothesis. 
In contrast to this hypothesis, one would expect a higher incidence of RSD 
in paralytic limbs, which is not the case. When treated with active exer­
cises, one would expect disappearance of the syndrome or at least some 
improvement, but in contrast muscular exercise invariably increases com­
plaints. The bone atrophy of RSD is an acute atrophy occurring within sev­
eral weeks, and appearing as a patchy atrophy which will gradually turn 
into diffuse atrophy as seen in inactivity. In 1936, Rieder reported the histo­
logically increased rebuilding of bone tissue 22\ Areas of increased bone 
destruction were present near areas of increased bone rebuilding. As the 
newly formed bone tissue was not (yet) calcified, it roentgenographically 
appeared as osteoporosis. So, the roentgenologic bone atrophy does not 
support the histologically increased activity in bone tissue. Also nuclear 
scans with technetium labelled methylenediphosphate show increased 
uptake in bone tissue, which suggests increased metabolism, rather than 
decreased metabolism (see §2.5.2). For these reasons, atrophy in RSD is 
not an atrophy due to inactivity. 
Psychological factors 
Many physicians have hypothesized that psychological factors play an 
important role in developing RSD. Patients suffering from RSD are said to 
be characterized by a specific personality. RSD patients would be emo­
tionally unstable, nervous, depressive, manic, insecure, anxious, sympa­
thetic hyperreactors, chronic complainers, enjoying poor health, patho­
logic malingerers or suffering from conversion hysteria or major life 
stressors 4 7 9 1 0 1 1 3 6 u è 1631992022132« T n e s e v ¡e Ws though have never been con-
clusively proven 41119. In a prospective study, performed in the Leyenburgh 
Hospital in The Hague and the University Hospital Nijmegen, psychometric 
analysis was performed in 160 patients one day after they sustained a 
Colles fracture. No differences were present between patients that did or 
did not develop RSD subsequently269. Compared to other chronic pain 
syndromes, such as low back pain or chronic headache, RSD patients were 
reported to have the highest pain intensity but the least emotional dis-
tress61. 
Unfortunately, the psychogenic hypothesis has done these patients a lot of 
harm as, consequently, their complaints often are not taken seriously. 
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Involvement of the sympathetic nervous system 
At present there is almost consensus that RSD is generated by an abnor­
mal reflex of the sympathetic nervous system. The early French physicians 
considered the sympathetic nervous system to be the major source of evil, 
probably because RSD patients may suffer from vasomotor disturbances 
together with hyperhidrosis, increased nail growth or increased hair 
growth. Diverse neural processes producing a vicious circle of ongoing 
activity - introduced by Livingstone in 1943 m - are supposed to maintain 
the syndrome. Increased afferent stimulation may be caused by nerve 
trauma, sensitized nociceptors or recruitment of normally silent afferent 
neurones. Nerve trauma may lead to crosstalk between nerves through an 
artificial synapse 71. Within the central nervous system, wide dynamic 
range neurons may be sensitized 2и22Ъ or a segmental reflex, running 
through the internuncial pool, may develop 175 or slow temporal summa­
tion facilitates pain intensity21t) and/or efferent sympathetic activity. As a 
consequence the efferent activity of the sympathetic nervous system is 
increased. Increased efference of the sympathetic nervous system would 
again sensitize receptors leading to increased afference which makes the 
circle round 120. Another hypothesis proposes that together with nerve 
injury, the sympathetic efferent neurons are damaged. The peripheral tis­
sues become deprived of sympathetic stimuli and in reaction, the sympa­
thetic receptors become sensitized. The last decade, a new hypothesis has 
been proposed which suggests somatosensory-sympathetic coupling. 
Injured sensory axons develop ectopic chemosensitivity - especially a-
adrenoreceptors - at the site of injury or distal to it. Such axons begin to 
discharge, or increase their rate of ongoing or stimulus evoked discharge, 
in response to circulating catecholamines, and in response to efferent 
activity in sympathetic axons running in the injured nerve 68139. These 
neural processes have been demonstrated in the presence of animal mod­
els and increased sensitivity of α-adrenoreceptors has been proven to exist 
in late cases of RSD 12, but this can not explain all signs and symptoms of 
RSD. 
Sequelae of nerve injury? 
Since Mitchell reported occurrence of RSD after nerve injury 186, many 
reports have followed stating that RSD is the result of nerve injury. Nerve 
injury may lead to increased afference, decreased afference or antidromic 
stimulation. 
Some authors have suggested that an injury causes an abnormal junction 
between afferent and efferent peripheral neurons - an artificial synapse or 
ephaps7 1 1 1 6. These artificial synapses have been proven to exist in experi-
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Increased afterence 
- nerve trauma 
- alpha adrenofeceptor 
- sensitized nociceptor 
peripheral sensitization 
nociceptor 
- alpha adrenoreceptor 
cenlral sensitization 
- wide dynamic range neurons 
- internuncial pool 
- supraspinal influence 
- slow temperai summation 
Figure 2.1 The 'sympathetic hypothesis'. A vicious circle of ongoing activity initiated by nerve 
trauma or sensitized nociceptors. Increased afference induces central sensitization and 
increased sympathetic activity induces peripheral sensitization. 
mental animal models, but they take more than a month to develop. RSD 
may develop within hours to days or sometimes weeks after injury, which 
makes the role of an artificial synapse as a cause of RSD very unlikely. 
Abnormal inflammatory reaction? 
Sudeck 253254 defended the view that RSD results from an exaggerated 
inflammatory response to injury or operation. He hypothesized that meta-
bolic products of injured tissue cause a disturbance of the homeostasis. 
These hypothetic tissue hormones would cause a specific inflammatory 
reaction and change blood flow. But, as Sudeck pointed out in his last arti-
cle in 1942, this view has not found many adherents. 
In chapter 14, these hypotheses will be discussed more extensively. 
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• 2.5 Diagnosis 
In typical and severe forms of RSD, diagnosis is easy. Unfortunately, in 
many patients, the syndrome does not develop in a typical way. Diagnosis 
is often missed or delayed, especially when signs and symptoms are mild 
or the syndrome occurs spontaneously. Complaints may arise only after 
muscular exercise of the affected limb. Mild forms may resolve sponta-
neously and diagnosis is never made. For instance with healing of a frac-
ture or a wound, mild symptoms of inflammation without infection may be 
seen in many patients. Only few authors diagnose these cases as RSD. 
Atkins u objectivated signs and symptoms of RSD, 2-3 months after a 
Colles fracture in 22 of 60 patients (37%). Probably these cases were 
mostly mild and temporary. 
Much effort has been made to diagnose RSD with some type of special 
investigation or test. The usual hematological or biochemical parameters 
are not disturbed in RSD. A recent study of Felius (Utrecht, the Nether-
lands) demonstrated increased blood levels of TNF-a and Interleukin 6 in 
children suffering from exacerbations of RSD (personal communication). 
Many physicians stated - and some still do - that the diagnosis RSD can be 
made with radiography, nuclear scan, thermography, testing sympathetic 
function or sympathetic blockade. 
• 2.5.1 Radiographs 
In 1900 Sudeck described the radiographic appearance of RSD 253. Soon, 
these were confirmed and differentially analyzed by Kienböck ш . Typically, 
the radiographic changes start as a patchy osteoporosis of the small bones 
of hand or feet and the distal metaphysis of forearm or tibial bones202. 
They gradually spread to become a bandshaped subchondral and meta­
physeal elucidation. Also cortical thickness decreases and eventually a dif­
fuse osteoporosis is seen 2 4 Ш . 
However, osteoporosis can not be found in all cases of RSD7 7 1 5 6 2 0 2 2 0 9 2 5 2 
and often, it takes several weeks to months, before osteoporosis can be 
seen 1815S. In late cases the osteoporosis becomes diffuse. Also differentia­
tion from other forms of osteoporosis such as osteoporosis due to inactiv­
ity or the osteoporosis seen in patients with healing fractures but without 
the clinical signs and symptoms of RSD, is not always possible 2 5 6 3 1 5 6 2 6 3. 
Therefore, radiographs are not useful in establishing the diagnosis RSD. 
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• 2.5.2 Nuclear scan 
The last decade much attention is paid to the increased uptake seen on 
nuclear scans - especially bone scans. A locally increased uptake of the 
radioactively labelled tracer indicates increased bone metabolism. In con­
trast, decreased uptake is found in inactivity or paralysed limbs 117. Bone 
scans are often performed for diagnosing infection or metastases. In limbs 
affected by RSD, uptake is increased in a diffuse periarticular area. 
Sensitivity rates are reported in the range from 29 to 98% (table 2.9). Speci­
ficity rates can not be given because most reports concern selected 
patients, but a similar periarticular increase in uptake can be seen in 
inflammatory diseases - for instance rheumatoid arthritis or osteitis -, 
metastases, osteonecrosis, benign tumors or even in asymptomatic 
extremities1 9 1 1 9 7 2 3 9. 
Three-phase-bone scans are scans made 1 to 3 minutes (phase 1), 10 to 20 
minutes (phase 2) and 3 or 4 hours (phase 3) after injection respectively 180. 
The three consecutive phases correspond to the arterial, venous and extra­
cellular presence of the tracer. Physiologically, the three phases of bone 
scans correspond with arterial inflow, vascular volume and bone metabo-
Table 2.9 Results 
Kozin 1981b 
MacKinnon 1984 
Constantinesco 1986 
Fano 1988 
Davidoff 1988 
Moukhaiber 1988 
Werner 1989 
Davidoff 1989 
Intenzo 1989 
Pollock 1993 
O'Donoghue 1993 
of bone scans in RSD. 
η 
64 l imb disorders of 
w h i c h 32 RSD 
145 painful hands of 
w h i c h 24 RSD 
128 painful hands of 
w h i c h 89 RSD 
25 RSD 
14 RSD 
36 l i m b disorders of 
w h i c h 15 RSD 
63 painful hands of 
w h i c h 16 RSD 
119 pain s y n d r o m e s of 
w h i c h 25 RSD 
32 RSD lower l i m b 
28 RSD hand/wrist 
17 RSD and 61 controls 
sensit iv ity (%) 
60 
96* 
96* 
96* 
64* 
80* 
50* 
44* 
72*# 
54* 
29* 
specificity (%) 
92 
98* 
86* 
-
-
? 
? 
92 
-
-
77* 
* diagnosis RSD on bone scan phase 3: diffusely increased periarticular uptake 
# In 4 patients decreased activity in phase 3 diagnosed as abnormal scan 
Review of literature 23 
lism respectively. Radioactivity in phase 1 and 2 - vascular phases - are 
increased when vasomotor disturbances are present3076157. 
As vascular parameters can be diagnosed with physical examination (skin 
color and skin temperature) and because phase three is not specific nor 
sensitive, a bone scan is not helpful in establishing the diagnosis RSD. 
• 2.5.3 Thermometry and thermography 
Thermography may present nice images but during the evolution in time 
of RSD, the temperature of the skin may change from warm to cold and 
vice versa. As a consequence, some patients will have a normal skin tem-
perature. On the other hand, one can easily feel changes in skin tempera-
ture by direct clinical assessment, or by applying a skin thermometer. 
Therefore, thermography is not helpful as a diagnostic procedure. On the 
other hand, thermometry objectivâtes differences in skin temperature 
between symmetrical extremities, and therefore may be helpful in objecti-
vating this important symptom of RSD. 
• 2.5.4 Testing sympathetic function 
Direct measurement of the activity of the sympathetic nervous system in a 
reliable and reproducible way, is impossible. Skin resistance and sweat 
secretion have been measured but are not sensitive indicators of RSD 257 
nor for sympathetic function 1S1. Microneurography is possible but can not 
be reproduced because slight changes in position of electrodes result in 
major changes in voltage amplitude 260. 
After sympathetic blockade, an increase in limb blood flow will follow 
accompanied in some patients by relief of pain. In many publications on 
RSD, patients were excluded if no positive response was obtained to sym-
pathetic blockade ш і«іб2204 237 26і Several studies reporting on the results 
of sympathetic blockade, included only patients with a good result of a trial 
sympathetic blockade8 7 2 0 4 2 6 1. This self fulfilling circular logic illustrates the 
scientific value of part of the literature on RSD. In contrast, several studies 
report that sympathetic blockades are not effective in curing RSD, while 
also the response to a placebo was high (see §2.7). 
Actually, one of the major reasons, why the Department of Surgery at the 
University Hospital Nijmegen started reconsidering the pathophysiology 
of RSD, was because the Department of Anesthesiology refused to give 
sympathetic blocks in early RSD because of the poor results75. 
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As hitherto no special investigation is sensitive and specific enough to 
establish the diagnosis RSD, a thorough interview and physical examina-
tion are the corner stones for the diagnosis. 
• 2.5.5 Diagnostic criteria 
What are the signs and symptoms that should be considered for establish-
ing criteria for diagnosing RSD ? Criteria have been established before, but 
often vague descriptions were used such as trophic-, vasomotor- or sym-
pathetic disturbances. 
The criteria for diagnosis, proposed by Kozin 156 (table 2.10), have been fol-
lowed by many authors. 
Table 2.10 Diagnostic criteria for RSD proposed by Kozin'56. Signs and symptoms must 
be localized in the peripheral part of an extremity. 
definite RSD pain and tenderness, vasomotor instability and swelling (dystrophic 
skin changes usually present) 
probable RSD pain and tenderness AND vasomotor instability OR swelling (dys-
trophic skin changes often present) 
possible RSD vasomotor instability AND/OR swelling, without pain (dystrophic skin 
changes occasionally present) 
The International Association for the Study of Pain (IASP) defines RSD as: 
"Continuous pain in a portion of an extremity after trauma, which may 
include fracture, but does not involve a major nerve, and associated 
with sympathetic hyperactivity" 185 
The IASP further defines Causalgia as: 
"a syndrome of sustained, burning pain after a traumatic nerve injury, 
combined with vasomotor and sudomotor and later trophic changes"18 
Why and how sympathetic hyperactivity is diagnosed is not clear. Accord-
ing to this definition, spontaneous occurrence of RSD is excluded, but in 
§2.3.1 we have seen that in 10-24% of RSD-patients no precipitating event 
is present. 
According to a Consensus report of the American Association for Hand 
Surgery, the diagnosis RSD is made when 3 criteria are present8: 
1. Diffuse pain 
2. Loss of hand function 
3. Sympathetic dysfunction 
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They further state that sympathetic dysfunction may range f rom any 
change in temperature, sweating, hair g rowth , nail growth or the occur-
rence of atrophy, edema, osteoporosis or characteristic bone scan. 
In 1990 at the Vlth wor ld congress of Pain, the problems in diagnosis were 
noticed and discussed and the fo l lowing definit ion introduced: 
"Reflex sympathetic dystrophy is a descriptive term meaning a complex 
disorder or group of disorders that may develop as a consequence of 
trauma affecting the l imbs, wi th or wi thout obvious nerve lesion. Reflex 
sympathetic dystrophy may also develop after visceral diseases, and 
central nervous system lesions or, rarely, wi thout an obvious 
antecedent event. It consists of pain and related sensory abnormalit ies, 
abnormal blood f low and sweating, abnormalit ies in the motor system 
and changes in structure of both superficial and deep tissues (" t rophic" 
changes). It is not necessary that all components are present. It is 
agreed that the name "ref lex sympathetic dystrophy" is used in a 
descriptive sense and does not imply specific underlying mecha-
n isms" u o 
This definit ion summarizes the problems in diagnosis, but is not suitable 
for daily practice. 
From an extensive inventory of clinical symptoms, the fo l lowing criteria 
were selected for the present study: 
1. 4 or 5 of: 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2. Occurrence or increase of above signs and symptoms after use 
3. Above signs and symptoms present in an extremity and in an area much 
larger than the area of primary injury or operation and including the area 
distal to the primary injury 
In a previous study f rom the department of Surgery of the University Hos-
pital Ni jmegen, the first 200 patients treated since 1984 by our department 
were evaluated 113. These criteria proved suitable for diagnosis. With these 
criteria, we prospectively analyzed the incidence of RSD in patients wi th a 
Colles fracture. The incidence of RSD was 8%, as in most other studies 
(§2.3.2). 
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Objectivation of the signs and symptoms is possible 1456, but the methods 
required are too cumbersome for daily practice. 
• 2.5.6 Differential diagnosis 
During the healing process of an injury, patients mostly complain of pain, 
and, with physical examination, an increase in skin temperature and 
edema is present in many cases. Signs and symptoms however are always 
mild, temporary and limited to the area of the primary injury. Neverthe-
less, differentiation of the "normal" evolution post-trauma from acute RSD 
may be very difficult. 
Other diseases, complications and syndromes may present in an atypical 
way, making differential diagnosis with RSD difficult. 
Infection or an inflammatory condition. Symptoms necessary for the diag-
nosis of RSD are those of an inflammatory condition. We have seen many 
patients who repeatedly have been operated because of a presumed infec-
tion of the hand, but necrosis could never be found during surgery, cul-
tures remained sterile and the diagnosis RSD was made after several 
weeks or even months. In contrast to infection, RSD is not accompanied by 
fever, lymfadenopathy, leukocytosis or an increased sedimentation rate. 
Phlebothrombosis may present as pain together with increased skin tem-
perature and edema. Usually the syndrome develops rapidly within one or 
two days. In contrast to RSD, movements are usually unlimited, exercise 
will not increase complaints and neurologic signs and symptoms are never 
present. In doubt, echography or phlebography may be helpful. 
Arterial insufficiency: When the skin temperature is cold, the first thing to 
consider is insufficient arterial inflow. In contrast to occlusive disease, dis-
tal pulses are present. Complaints increase after exercise in both arterial 
insufficiency as in RSD but in arterial insufficiency complaints rapidly dis-
appear when exercise is stopped. This is not the case in RSD. On the con-
trary, in RSD complaints often further increase after exercise is stopped. As 
in Raynaud disease, RSD may present in attacks triggered by cold or emo-
tions, but the typical development from pallor to cyanosis to red discol-
oration accompanied by pain and paresthesia does not occur in RSD. Com-
plaints in Raynaud-disease do not increase with exercise. 
An acute compartment syndrome may be seen after revascularisation in 
arterial insufficiency or after severe injury. On the other hand complaints in 
the compartment syndrome are limited to the affected compartment, while 
in RSD signs and symptoms are most prominent in the peripheral parts of 
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the extremity. In doubt, measuring intracompartimental pressure may be 
helpful. 
Neurovascular compression syndromes, such as a thoracic outlet syn-
drome, carpal tunnel syndrome or tarsal tunnel syndrome must be 
excluded by interview and specific tests. Careful investigation of the pat-
tern of neurologic disturbances and in doubt, electromyography may be 
necessary. On the other hand, one should keep in mind that neurovascular 
compression syndromes may initiate or complicate RSD. 
In rheumatologic disorders, signs of inflammation are located around 
joints and are not as diffuse as in RSD. Also, an elevated sedimentation 
rate or the presence of specific antigens or auto-immune antibodies in 
blood or tissues may be found in rheumatologic disorders. 
Neurologic diseases are limited to specific innervated areas and do not 
present with signs of inflammation. A polyneuropathy typically presents in 
symmetric extremities. 
A careful interview and physical examination often can solve the differen-
tial diagnostic dilemma. Special investigations are not necessary in most 
cases, and if necessary they are performed to exclude other pathology. 
• 2.6 Localization 
RSD is localized in extremities. Despite a higher reported incidence of RSD 
after fractures of the lower extremities compared to fractures of the upper 
extremity (§2.3.2), the prevalence of RSD is higher in the upper than in the 
lower extremity. This is probably due to the fact that upper limbs are far 
more frequently affected by injury than the lower limbs. RSD may be local-
ized in a single finger or toe 48165 but it may spread to affect the entire 
extremity as well. Some have reported localization around the knee 
joint73143148198259, the hip joint36 or even spine4267. But diagnosis in these 
areas is questionable, because signs and symptoms present in these areas 
consisted of pain and osteoporosis without changes in color, temperature 
or swelling. RSD affects especially the peripheral part of an extremity. In 
rare cases, RSD may be localized at the trunk 138 or even face (chapter 5). 
Localization in more than one extremity is discussed in chapter 9. 
Galloway et al suggested that interstitial cystitis may be a RSD of the blad-
der 10°. This disease is characterized by pain, increasing in severity with fill-
ing of the bladder and stress, and decreasing after voiding. In late cases 
cellular infiltration of inflammatory cells is infrequently found. 
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Chalkley et al reported one patient with burning pain and allodynia of the 
penis which disappeared after several caudal blockades. They suggested 
to diagnose this entity as a RSD of the penis 43. 
Both reports concern diseases mainly characterized by pain and hyperpathy 
or allodynia. Changes in color, temperature or edema were not reported. 
• 2.7 Therapy 
Detailed therapeutic considerations are out of the scope of this thesis. Nev­
ertheless therapy must be mentioned because the results of therapy pro­
vide for some arguments in the discussion on pathogenesis. 
Because pathogenesis is unknown, we are unable to institute a causal ther­
apy. Treatments are empirical. Many forms of therapies have been and are 
still instituted (table 2.11) of which some have contradictory effects. For 
instance both immobilization and active physical exercise. This variety of 
applied treatments suggests that none of them is invariably effective. Most 
frequently sympathetic blockades in different modes, physical therapy, 
corticosteroids and/or calcitonin are instituted. 
In general, every treatment has proven most effective when instituted as 
soon as possible 1 9 8 2 0 9 2 7 7. This suggests that part of the patients may cure 
spontaneously. From several studies we know that the placebo response in 
pain reduction is high, probably about 35% 86. Therefore, controlled trials 
are mandatory when results of therapy are discussed. 
Sympathetic blockade 
Most researchers attribute the syndrome to a dysfunction of the sympa­
thetic nervous system, especially hyperfunction. Therefore many therapies 
are aimed at inhibiting sympathetic function. Excluding the sympathetic 
nervous system is possible at different levels. Intravenous regional block­
ade with guanethidine, axillary blockade with local anesthetics, paraverte­
bral blockade (stellatum or lumbar blockade) with local anesthetics or per­
manent paravertebral blockade by way of surgery, thermolesion or drugs 
(phenol, alcohol). Temporary benefit is obtained when local anesthetics 
are used though series of blockades would yield lasting relief. Good results 
have been reported in open or retrospective studies 3 5 1 2 4 1 5 2 1 6 3 2 0 4 2 7 7 , but oth­
ers reported that inhibiting sympathetic function is not uniformly effective 
and often without longterm benefit З6Н6156І8В209226 Some even reported 
adverse reactions75. 
Also the placebo response is high: Verdugo reported 40 to 100% reduction 
of pain in 68% of 80 patients with chronic causalgia after injection with 
Review of literature 29 
Table 2.11 Primary treatments instituted for RSD 
sympathetic blockade 
regional guanethidine 1 1 2 9 3 4 7 5 β 0 β 4 1 0 5 1 2 2 1 6 2 2 2 6 , 
paravertebral 141174211, lumbar2 7 7, stellate 343517320124925° 
sympathectomy surgical , 6 8 7 , 4 , 1 5 2 , 6 : , 2 " 2 4 5 2 < 6 2 6 1 2 6 4 2 6 5 , chemical, thermal , 3 2 2 8 2 
peripheral vasodilatation 
calcium antagonists verapamil m , nifedipine 212 
serotoninereceptor antagonists ketanserm 3 7 1 2 1 1 θ 8 
α blocking phenoxybenzamine 102, phentolamine ", prazosin 2 
ß-blocking propranolol ""β""™^23.2«m 
nitroglycerin 134 
calcitonin 2 5 8 2 1 0 6 1 0 7 1 0 8 1 9 4 1 9 6 2 2 0 
scavengers of toxic oxygen radicals manmtol 1,°, dimethylsulfoxide 1 0 1 1 1 0 1 1 2 , 1 4 1 6 1, n-acetylcys-
teme 1 1 4 2 7 1 
corticosteroids 70, ACTH 228241, corticotropine 250, cortisone2 2 6 2 3 0 2 4 1 2 6 0, prednisolone 1031°41'2, 
prednisone4 9 1 5 5 1 5 6 
sex hormones 27 
gnseofulvin 5 , i e 9 , 9 ° 
bretyhum regional 9 5 1 2 3 1 3 0 
biphosphonates66 
benzodiazepines 152 
radiation therapy 2 7 3 9 1 9 3 2 7 4 
psychotherapy autogenic training 12e, hypnosis9 3 9 9 1 6 4, behavioral treatment7, 
electroconvulsion " 9 
immobilisation plaster of Paris, orthesis8 1 2 3 S 
elevation plaster of Paris 166, sling, wheelchair with support 
physical therapy 
active physical therapy9 1 1 9 B 2 2 8 2 7 8 
passive mobilisation continuous movement1 9 1 9 e, in general anaesthesia 7 Β 1 6 7 1 9 β 
reflex zone massage 9 7 2 5 1 
electrotherapy (segmental)9 1 1 9 5 
hydrotherapy.242, cold and wet compresses 187 
warm paraffine package 1622°7 
ergotherapy 5 5 1 2 5 
fasciotomy2 5 5 2 8 5 
pain therapy 
(electro)acupuncture 5 4 4 9 2 1 2 7 1 6 8 2 1 4 
NSAID's137256 
anticonvulsants 46 
transcutaneous electrical nerve stimulation 3 1 1"1 5 3 1 5 8 1 8<2 1 9 2« 2 " 
continuously administered anaesthetics axillary 12B, epidural 5 4 1 0 9 1 5 0 1 5 9 , pleural2 1 θ 
Clonidine (a2-agomst) epidural2'5, topical 4 7 5 9 
epidural/spinal cord stimulation , 7 1 5 3 2 2 2 
dropendol regional 145 
neurosurgery thalamotomy ", cingulumotomy2 3 2, spinothalamic tractotomy2 8 
placebo 272. There are few controlled trials in which intravenous regional 
blockade was performed comparing placebo with guanethidine or reser-
pin. Benefit of guanethidine was reported only once 105 while the others 
reported no benefit2 9 4 0 6 9, Compared to corticosteroids, Steinbrocker 
30 Chapter 2 
reported equal results but preferred stellate blockades because less com­
plications occurred 25c. Rosen reported better results of corticosteroids 
compared to stellate blockade 228. Geertzen et al reported better results of 
dimethylsulfoxide compared to guanethidine in a randomized controlled 
study1 0 1. 
Because vasodilatation induced in other ways gives good results 121188212, 
w e hypothesize that the effect of sympathet ic blockade is related to the 
induced vasodi latat ion. 
Corticosteroids 
Corticosteroids suppress inflammatory processes. As signs and symptoms 
of RSD - especially in the acute phase - resemble those of an inflammatory 
process, treatment with corticosteroids seems logical. Steinbrocker et al 
introduced treatment with corticosteroids - corticotropin or cortisone - in 
1953 250 but considered sympathetic blockade the treatment of choice. Also 
Russek et al reported - independently from Steinbrocker et al - good results 
of cortisone orally or intramuscularly in 1953 230. Later, good results have 
been reported with treatment with prednisolone 103 and prednisone, espe­
cially in patients with typical disturbances on the bone scan 156. Many stud­
ies reporting good results followed. Rosen et al reported better results 
after treatment with cortisone compared to treatment with stellate block­
ades 22B. Poplawski et a l 2 0 9 reported good results of regional administration 
with methylprednisolon and lidocaine. Christensen et a l 4 9 reported signifi­
cant improvement in patients treated with prednisone in a prospective 
placebo controlled study. 
In general, chronic treatment with high doses of prednisone - 20 to 100 mg 
daily - were necessary to obtain good results. 
Calcitonin 
Calcitonin inhibits osteoclastic bone resorption, induces vasoconstriction 
of the blood vessels to the bone and inhibits the production of oxygen rad­
icals by macrophages. Compared to naproxen, calcitonin produces better 
results 220. Gobelet et a l 1 0 8 reported significant improvement in a placebo 
controlled randomized trial, but cure was not achieved. 
Scavengers of toxic oxygen radicals 
Acute signs and symptoms of RSD resemble those of an inflammatory 
reaction. For this reason it was hypothesized that toxic oxygen radicals 
which are produced in inflammatory reactions, may play an important role 
in initiating and sustaining RSD 1 1 °ш 112. Pharmacotherapy with drugs who 
scavenge toxic oxygen radicals is not well developed, but the first results 
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are encouraging. Intravenously administered mannitol decreased com-
plaints, increased tissue oxygen extraction and normalized arterial flow 
and bone scans "3. Topically applied dimethylsulfoxide (DMSO) decreased 
complaints in open studies 110161 and produced excellent results in acute 
patients in a placebo controlled crossover study 112. Compared to intra-
venous regional blockade with guanethidine, results of DMSO were signifi-
cantly better101. 
Physical therapy 
Physical therapy is often instituted together with medical treatment. 
Intensive active physical therapy has been reported to give good results, 
though no controlled studies are available. It seems impossible to carry 
out intensive active therapy when a patient suffers from severe pain on 
movement. Aggressive physical therapy even may lead to deteriora-
tion 386572. Many patients experience such forms of treatment as a torture. 
In its acute phase, extremities suffering from RSD should be given rest 
until signs of inflammation have decreased and active movement is possi-
ble without increasing pain 3e. Joints which are limited in motion should be 
mobilized several times a day taking care to avoid causing pain. 
Symptomatic therapy 
Pain is often the most distressing complaint of RSD. As outlined above, 
patients regularly are not cured of the syndrome, and suffer from pain 
which is spontaneous and increasing with exercise, touch, emotions, 
dependency, changes in surrounding temperature or exposure to bright 
sunlight. Symptomatic therapy is mandatory but often difficult. 
Relief of muscle spasms can be achieved with baclofen or magnesium sul-
fate. Chronic edema can be treated with compressive stockings if not 
obstructed by coexistent hyperpathy. 
We treat our RSD patients with scavengers of oxygen radicals because 
these have proven good results without serious side effects. We reserve 
sympathetic blockade for patients with cold RSD when oral vasodilatators 
are not effective in increasing skin temperature. Active physical therapy is 
instituted only when muscular exercise does not increase complaints27°. 
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ABSTRACT 
The pathogenesis of reflex sympathetic dystrophy (RSD) - variously known as 
Sudeck's atrophy, causalgia, algodystrophy, and peripheral trophoneurosis - is not 
yet understood, and diagnosing and treating patients is difficult. 
We have prospectively studied 829 patients, paying particular attention to early 
signs and symptoms. In its early phase, RSD is characterized by regional inflamma-
tion, which increases after muscular exercise. Pain was present in 93% of patients, 
and hypesthesia and hyperpathy were present in 69% and 75% respectively. With 
time, tissue atrophy may occur as well as involuntary movements, muscle spasms, 
or pseudoparalysis. Tremor was found in 49% and muscular incoordination in 54% 
of patients. Sympathetic signs such as hyperhidrosis are infrequent and therefore 
have no diagnostic value. We found no evidence consistent with the presence of 
three consecutive phases of the disease. Early symptoms are those of an inflamma-
tory reaction and not of a disturbance of the sympathetic nervous system. 
These data support the concept of an exaggerated regional inflammatory response 
to injury or operation in RSD. 
• INTRODUCTION 
Reflex sympathetic dystrophy (RSD) is a complicat ion occurring after even 
minor injury or operation to a l imb. It is a major cause of disabil i ty as only 
one in f ive patients is able ful ly to resume prior activities 1. 
The reported incidence of RSD is 1 or 2% after various fractures 2, f rom 2 to 
5% after peripheral nerve in jury 3 and 7-35% in prospective studies of 
Colles fracture 4. Furthermore, changes similar to RSD may appear in 5% of 
the patients wi th a myocardial infarction (shoulder hand syndrome)5 , after 
local cold injury (trench foot) and after revascularisation of an ischemic 
extremity (reperfusion syndrome). In 10-26% of cases no precipitating fac-
tor can be found 6. 
RSD has been given various names, depending on the precipitating factor, 
the country concerned, or the specialty treat ing the patient: reflex sympa-
thetic dystrophy in English-speaking, Sudeck's atrophy in German-speak-
ing, and algodystrophy in French-speaking countries; causalgia after nerve 
injury; postinfarction sclerodactyly by cardiologists; Pourtour du Petit syn-
drome by anesthetists; and peripheral t rophoneurosis, or Babinsky-Fro-
ment sympathetic paralysis by neurologists. The pathophysiology of RSD 
in unknown. It has not been reproduced in an experimental model and 
there is no corollary in veterinary medicine. At present there is some 
agreement that RSD is caused by an abnormal sympathetic nervous reflex. 
However, local blockade of the sympathetic system or sympathectomy, 
has not been found to be invariably effective.7. 
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In 1900, Sudeck8 9 considered the syndrome to be due to an exaggerated 
inflammatory response to injury or operation but, as he pointed out in his 
last article in 1942, this view has not found many adherents. Though his 
name has been given to the osteoporosis occurring in RSD, Sudeck him­
self regarded osteoporosis as only one of many late consequences. RSD 
has been considered to occur in patients who are emotionally unstable, 
depressive, manic, insecure, anxious,10 or pathologic malingerers 1112. 
These opinions, although never proven, have done patients a lot of harm, 
because their complaints are often not taken seriously. In contrast to the 
many opinions and prejudices, only scanty scientific information is avail­
able about RSD. Reported signs and symptoms concern mostly patients 
with severe illness and at a late stage, and have been described only in 
case reports. We therefore prospectively studied all patients with RSD 
coming to our attention. Special attention was given to early signs and 
symptoms as these might provide more information about the cause than 
the more-often reported late changes. 
ш PATIENTS AND METHODS 
All new patients presenting at the outpatient clinic of the Department of 
Surgery, Nijmegen University Hospital, were examined for signs and 
symptoms of RSD. As RSD has not been clearly defined, the following cri­
teria were used. 
1. 4 or 5 of: 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse oedema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2. Occurrence or increase of above signs and symptoms after use 
3. Above signs and symptoms present in an area much larger than the 
area of primary injury or operation and including the area distal to the 
primary injury 
Only signs and symptoms definitely present at the time of the first exami­
nation were noted, and were related to the duration of RSD. Statistical 
analysis was by Chi-square-test and the Kruskal-Wallis test. When two 
groups were compared, the Wilcoxon-test was used. 
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• RESULTS 
Age, sex, and onset 
From November 1984 to June 1992, 829 consecutive patients fulfilling the 
criteria were studied (if 3 in stead of 4 signs of inflammation had been 
used, 942 patients would have entered the study). Of the 829, 615 (74%) 
were referred from other departments or hospitals because of RSD. 628 
were female (76%) and 201 male (24%). Age varied between 9 and 85 years 
(median 42 years) (table 3.1). 12 patients were youngerthan 14. 
In 487 (59%) RSD affected the upper extremity, in 342 patients (41%) the 
lower extremity. In 545 patients (65%), RSD followed trauma (mostly a 
fracture), in 155 (19%) operation, in 15 (2%) an inflammatory process, and 
in 34 (4%) after various other précipitants, such as injection or intravenous 
infusion (11), or cerebrovascular accident (2). In 80 (10%) no precipitant 
could be identified. Complaints started within 1 day in 75% of the patients; 
in 7 > 1 yr elapsed, making a relationship between the precipitant and 
onset of RSD in these cases questionable. The time between the start of 
RSD and clinic attendance varied from several days to 20 years (mean 405 
days, median 156 days). 
Table 3.1 829 patients with RSD 
Age 
(yr) 
0-9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
>69-
Total 
male 
η 
_ 
8 
29 
50 
57 
37 
14 
6 
201 
% 
-
4 
Η 
25 
29 
18 
7 
3 
100 
female 
η 
1 
43 
118 
98 
135 
108 
94 
31 
628 
% 
-
7 
19 
15 
21 
17 
15 
5 
100 
Total 
η 
1 
51 
147 
148 
192 
145 
108 
37 
829 
% 
-
6 
18 
18 
23 
18 
13 
4 
100 
678 patients could remember which difference in skin temperature existed 
between the affected and unaffected limb at the time complaints started 
(primary temperature). In 58% the diseased extremity was warmer, in 39% 
colder, and in 3% there was no apparent difference in temperature. Of 
patients we examined within two months after onset of RSD, 35/156 (22%) 
were characterized by a primarily cold RSD. Primarily cold RSD occurred in 
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108/403 ¡η the upper limb and 154/275 in the lower limb (p < 0.001). In 
those patients seen first by the authors, objective assessment of tempera­
ture showed a primarily cold RSD in 13%. 
Treatment before presentation 
489 patients received physical therapy before examination and in 322 
(66%) complaints temporarily increased in the hours following treatment. 
In 273, treatment was directed towards the sympathetic nervous system: 
operative or chemical sympathectomy (29), guanethidine blockades (191), 
lumbar, axillary, or stellate ganglion blockades (53). In 19 (7%) results were 
good and lasting, in 66 moderate and temporary, in 157 no change was 
found, while in 21 complaints became more severe. In 10, results were 
unknown. 
Signs and Symptoms 
Pain was present in 93% (table 3.2). 9 1 % had discoloration of skin; 92% had 
altered skin temperature; oedema was present in 69%, and limited active 
range of movement in 88%. In 96% the above signs and symptoms 
appeared or increased in severity after exercising the affected limb, while 
4% were unable to exercise et all. The longer the interval between the 
beginning of RSD and the first examination, the more patients were found 
with a cold limb. In most, exercising the limb resulted in a rapid increase in 
skin temperature, while the skin became hyperemic and the pain 
increased. On the other hand, a warm limb was also found in patients with 
RSD present for up to 12 years. The vasomotor lability classically 
described in RSD, was regularly seen but was invariably related to exercise 
or painful stimuli. 
Neurological symptoms included sensory changes, typically with a glove-
or stocking-like distribution. In the first 2 months of RSD, hypesthesia was 
found in 69%, hyperpathy (exaggerated response to painful stimuli) in 
75%. In many patients we found hypothermesthesia; proprioception was 
also sometimes affected. In advanced disease we sometimes found anes­
thesia dolorosa - sensibility to touch absent while severe pain present in 
the anesthetic area. The severe pain present in later cases was different 
from the pain in the acute phase, as it was invariably present at rest and 
often resistant to treatment. Tremor of affected limb was found in 49% and 
muscular incoordination in 54%. In RSD of longer duration, severe muscu­
lar spasms were present in 25% of the patients. Localized muscle spasms 
mainly after exercise were seen in only 49 patients. Weakness was found 
in 95%. Finally, in 121 patients weakness became so severe that no active 
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Table 3.2 Signs and symptoms at time of first visit related to duration of RSD 
Sign,symptom 
Inflammatory 
pain 
difference color 
edema 
difference temperature 
limited range of motion 
increase of complaints 
after exercise 
Neurological 
hypesthesy 
hyperpathy 
incoordination 
tremor 
involuntary movements 
muscle spasm 
paresis 
pseudoparalysis 
Atrophy 
atrophy skin 
atrophy nails 
atrophy muscle 
atrophy bone (*) 
Sympathetic 
Hyperhidrosis 
changed growth hair 
changed growth nails 
0-2 months 
n=156 
142/155 92% 
149/154 97% 
131/152 86% 
149/153 98% 
137/152 90% 
133/136 98% 
94/136 69% 
94/132 75% 
53/101 53% 
63/117 54% 
17/ 90 19% 
13/120 11% 
92/ 94 98% 
21/129 16% 
47/123 38% 
17/115 15% 
47/117 40% 
3/ 41 7% 
59/104 57% 
43/ 80 54% 
56/ 82 68% 
2-6 months 
n=242 
213/242 88% 
231/241 96% 
192/241 80% 
218/240 91% 
213/237 90% 
208/218 95% 
164/219 75% 
162/204 79% 
80/172 47% 
88/200 44% 
39/164 24% 
27/204 13% 
135/145 93% 
15/212 7% 
76/204 37% 
42/184 23% 
97/194 50% 
22/ 54 41% 
98/174 56% 
89/126 71% 
68/113 60% 
6-12 months 
n=200 
192/199 97% 
179/200 90% 
121/200 61% 
175/197 89% 
173/196 88% 
176/184 96% 
139/192 72% 
148/187 79% 
95/173 55% 
86/178 48% 
69/157 44% 
50/184 27% 
122/134 91% 
28/188 15% 
74/190 39% 
52/183 28% 
98/174 56% 
23/ 48 48% 
71/171 42% 
47/ 89 53% 
50/ 85 59% 
> 12 months 
n=231 
222/230 97% 
194/229 84% 
127/231 55% 
211/231 91% 
186/225 83% 
210/216 97% 
185/218 85% 
179/221 81% 
112/184 61% 
109/218 50% 
109/218 50% 
92/129 42% 
151/156 97% 
57/216 26% 
97/220 44% 
77/214 36% 
137/205 67% 
25/ 48 52% 
83/209 40% 
29/ 83 35% 
50/ 96 52% 
total 
n=829 
769/826 93% 
753/824 92% 
571/824 69% 
753/821 92% 
709/810 88% 
727/754 96% 
582/765 76% 
588/744 79% 
340/630 54% 
346/713 49% 
213/597 36% 
182/728 25% 
500/529 95% 
121/745 16% 
294/737 40% 
188/696 27% 
379/690 55% 
73/191 38% 
311/658 47% 
208/378 55% 
224/376 60% 
Spotty or diffuse osteoporosis seen on X-Ray 
movements of the limb were possible. Electromyographic stimulation 
always produced normal contractions. Single fibre electromyographic 
examination was done in 6 of these patients which showed no definite 
abnormalities. Several patients with this pseudoparalysis had been dis-
missed from treatment in other hospitals as malingerers, while others, for 
the same reason, had been admitted to a psychiatric clinic. 
Tissue dystrophy and atrophy were present in skin, subcutaneous tissue, 
muscles, and bone. However, the oedema present in the acute phase of 
RSD prevented assessment of subcutaneous tissue and muscle atrophy, 
resulting in higher incidences of atrophy reported in later stages. Tissue 
atrophy was more severe and occurred earlier in primarily cold RSD. As a 
number of patients with less severe RSD improved and as late referrals to 
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our department were more severe, the higher incidence of dystrophic and 
atrophic changes in longstanding RSD may partly be due to negative selec­
tion. On the other hand, more than half of the later cases did not show 
signs of tissue dystrophy or atrophy. Nodular fascitis of the palmar or plan­
tar skin was found in 167 patients. 
Hyperhidrosis was seen in 57% of early cases. When present, temperature 
of the skin was warm in 47%, cold in 47%, and no difference in temperature 
was found in 6%. Changes in the growth pattern of hair or nails on the 
affected limb were seen in 55% and 60% respectively. 
In 377 patients (45%), one or more trigger points were found. These 
included localized pain at the ulnar styloid process after Colles fracture and 
of the lateral malleolus after a sprain. In 103 patients, RSD in the hand was 
accompanied by complaints of the shoulder. In 6 of them we found a 
frozen shoulder and in 97, tendinitis of the biceps. 
In 19 with chronic lymfedema due to RSD, we found chronic relapsing 
infections resistant to treatment. This severe complication required ampu­
tation in 5 cases. 19 patients had recurrent unexplained spontaneous 
hematomas, localized to the affected limb. A high proportion of patients 
had brown-grey scaly pigmentations of the skin in the diseased limb. We 
noted clubbing of fingers or toes in 30 patients and hourglass nails in 65 
patients, in both affected and unaffected limbs. In 39 RSD was present in 
more than one limb. In 34 in two, in 4 in three, and in 1 patient in all four 
limbs. In 18 patients RSD recurred in the same limb after a period of no or 
few complaints. In 30 of these 57 patients (53%) no evident cause preceded 
the relapse. 5 patients told us one or more blood relatives suffered from 
RSD. 
• DISCUSSION 
In the present series, RSD appeared equally frequently in every age group, 
except in children under 10 as widely reported in literature э 16. The lower 
prevalence in children may be an artefact, because children are not usually 
referred to adult outpatient clinics. The higher prevalence found in women 
and in the upper limb conform to previous reports. Sympathetic blockade 
or sympathectomy, before referral was a lasting success in only 7% of 
patients. Though the group of referred patients is highly selected (cured 
patients are not referred), results clearly show that interruption of the sym­
pathetic system is not a panacea in RSD. 
This study indicates that RSD affects all systems and in 95% the acute 
phase is characterized by the classic signs and symptoms of inflammation 
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- pain, oedema, discoloration, changes in temperature, and decreased 
function. The signs and symptoms may be present at rest or elicited by 
exercise. In 32% of our cases RSD was primarily cold while other signs and 
symptoms were the same as primarily warm RSD. This high percentage 
may not represent the true incidence because more patients with cold RSD 
have late complaints 18. In patients from our own clinic - not referred to us -
we found a primarily cold temperature in only 13%. The division into pri­
marily warm and primarily cold RSD is important, but to our knowledge 
has not been made before. In early cases, inflammatory signs were present 
in an area larger than the primary site of injury, and invariably symptoms 
were caused or increased in severity by exercise. Muscular paresis and 
rapid fatiguability were almost invariably present. Tissue dystrophy and 
atrophy were mainly late findings and only so in a small percentage of the 
population studied. 
Diagnosis 
The above findings may be related to the selection criteria used for the 
study. However, no uniformly accepted criteria have been formulated for 
RSD, and no special investigation has been proven sensitive and specific 
enough for diagnosing RSD. In some studies the criterium was that the 
clinical entity of RSD was recognized by practicing hand surgeons 19 or 
responded favorably to sympathetic ganglionic blockade 2021. Our criteria 
were similar to other studies of large numbers of patients 222Э. Requiring 
the presence of diffuse osteoporosis in the affected extremity as an entry 
criterium would have resulted in the rejection of 70% of all cases from the 
present study, of severe pain in the rejection of 8%; of a warm, red extrem­
ity in rejection of 3 1 % of early cases, and of hyperhidrosis in rejection of 
43% of early cases. Also, in our view, the diagnosis of RSD should not be 
reserved for late stages when tissue atrophy is present. 
To see if our criteria would yield a similar incidence of RSD as in other 
series, we examined the incidence of RSD in our hospital population of 
Colles-fracture patients. The incidence was 8%, as in most other studies i U . 
Differentiation of RSD from other clinical conditions may be difficult. In 
chronic arterial insufficiency, pulses are absent, while present in RSD. 
Complaints in RSD may be luxated by cold as in Raynaud disease, though 
RSD complaints specifically are aggravated by exercise. Phlebothrombose 
is not associated with neurologic disturbances and can be diagnosed with 
echography or phlebography. RSD is not associated with increased sedi­
mentation rates or the presence of specific antigens or auto-immune-anti­
bodies in blood or tissue as in rheumatologic disorders. Differentiation 
from infectious disorders may be difficult. Several patients in this study 
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had incision and drainage because of presumed infection. However, in 
RSD no leucocytosis or fever is present. Because most authors agree that 
treatment should be started at an early stage, establishing early signs and 
symptoms is essential. In the present series, the characteristic early 
findings were the appearance of, or the increase in inflammatory signs 
with use of exercise of, the affected limb, and the muscular paresis with 
easy fatiguability. Increase of complaints with exercise was noticed by 
others 5202526 though its importance was not emphasized. 
Pain is almost invariable: 7% of our patients did not complain of pain 
though all other signs and symptoms of RSD were present. Sensory 
changes in RSD are diverse. Sensibility for tactile and thermal stimuli is 
decreased - hypesthesia and hypothermesthesia. Also proprioception may 
be limited. This is often combined with hyperpathy. In severe cases all sen-
sibility for touch is gone while pain is still present in the anesthetic area -
anesthesia dolorosa. Loss of proprioception and anesthesia dolorosa have 
not been previously reported in RSD, as far as we know. The sensory 
changes are typically of a stocking of glove type: they do not conform to a 
specific dermatome orto peripheral nerve distribution, as reported by oth-
ers 2527. Muscular hypertony has been reported previously by Miller2S, 
Steinbrocker2B and Bonnet29; sustained muscle spasms, myoclonies and 
muscle-jerks by Mitchell30 and Marsden et al31. Paresis and incoordination 
may progress until the patient is unable to move at all. This entity has been 
reported only once before by Babinsky et al32. We call this pseudoparaly-
sis, because during careful examination, discrete muscle contractions 
could regularly be felt and because we found no changes on electromyog-
raphy. The latter finding fits in with previous observations3133. The neuro-
logical signs and symptoms of RSD are best thought of as a unilateral 
peripheral polyneuropathy. 
Sympathetic signs and symptoms (hyperhidrosis, hypertrichosis and 
altered nail growth) are often required for diagnosis, but we found them 
unreliable indicators of RSD. Intriguing as they are, they seem to be irrele-
vant as to establishing a diagnosis, and are of little if any concern to the 
patient. When hyperhidrosis was present, skin temperature was warm or 
cold in equal percentages of patients, indicating that there is no sympa-
thetic nervous defect in RSD. 
Less frequently we found nodular fascitis, clubbing, and hourglass nails, 
the latter never having been reported before in RSD and clubbing only in 
one case report34. Also, intractable or relapsing skin infections, sponta-
neous hematomas and increased pigmentation have by our knowledge, 
not been reported in RSD. RSD in the hand is sometimes accompanied by 
shoulder complaints. We found this association in 103 patients. In 94%, the 
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apparent "shoulder-hand syndrome" 28 was caused by RSD of the hand 
and tendinitis of the scapular insertion of the biceps tendon. In all patients 
with a tendinitis, shoulder pain disappeared or improved after a single 
local infiltration with local anesthetics and many patients were perma-
nently relieved by corticosteroids. Bilateral RSD has been reported be-
fore, 52835 but we found no report of a localization in three or four extremi-
ties as seen in 5 of our patients. Because of intractable pain and incapacity, 
one of these patients committed suicide. In 53% of patients with relapsing 
or multiple RSD no precipitating event could be found, indicating that 
these patients may be predisposed for RSD. 
Staging 
Classically, RSD is subdivided in three phases 1428, a warm phase of 2-3 
months, a phase of vasomotor instability for several months and a cold 
end-phase. No prospective studies are available in which this staging is 
confirmed. We could not confirm this subdivision: in 13% of our patients, 
RSD started with a cold extremity, in some patients the extremity was still 
warm 8 and 12 years after the complaints started; and vasomotor instabil-
ity was related to muscular exercise or painful stimuli. We suggest that a 
subdivision into a primarily warm and cold form, as related to the skin 
temperature at onset, gives a more realistic description of RSD. 
Pathogenesis 
Our findings do not support the generally accepted idea of a sympathetic 
nervous cause for RSD; they support Sudeck's concept of an exaggerated 
regional inflammatory response. This inflammatory concept is supported 
by new data. In patients with acute RSD, immunoglobulin G labeled with 
111lndium is concentrated in the affected extremity 36, proving an increased 
microvascular permeability for high molecular weight proteins. This find-
ing was present in patients with primarily warm as well as primarily cold 
RSD. A study with 31P-NMR-spectroscopy showed an impairment of high 
energy phosphate metabolism 37, which explains why these patients are 
unable, rather than unwilling to exercise. EM studies of skeletal muscle 
biopsies showed reduced mitochondrial enzyme activity, vesiculation of 
mitochondria, disintegration of myofibrils, abnormal depositions of lipo-
fuscin, swelling of endothelial layers and thickening of the basal mem-
brane - all signs of oxidative stress 38. Also, oxygen consumption is 
reduced in limbs affected by RSD39 and treatment with oral vasodilatators 
reduces or abolishes pain 4CU1. Regrouping signs and symptoms of RSD in 
terms of inflammation proved suitable for establishing the diagnosis in 
this study. With evolving time, all functions and structures of the affected 
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extremity may be damaged. We hope this observation incites physicians to 
develop new forms of treatment for this disabling disease 
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ABSTRACT 
Objective: Clinically, reflex sympathetic dystrophy (RSD) is considered to develop 
according to three consecutive stages, starting with a warm skin temperature and 
edema, passing through a second stage with vasomotor lability and ending with a 
cold skin temperature and tissue atrophy. This staging however has never been 
documented in a large series of patients. 
Patients: 177 consecutive RSD patients coming to our attention, were analyzed for 
signs and symptoms according to these three stages. 
Results: Only 25 patients (14%) fitted into the classical staging, that is starting with 
a warm and ending with a cold skin temperature. 119 patients (67%) had warm RSD 
from the start and never developed stage II and/or III, while 24 patients (14%) had 
cold RSD from the start. 
Discussion: Patients with primarily cold RSD have a much higher chance of devel-
oping severe late complaints, resulting in late referral, while an important number 
of patients with primary warm RSD, heal without major complaints. The population 
of a RSD clinic is therefore dominated by late cases with primarily cold RSD. There-
fore, the three consecutive stages classically described in RSD, are only rarely 
seen. Probably the concept of three stages developed as the result of a patient 
selection bias. 
• INTRODUCTION 
Reflex Sympathetic Dystrophy (RSD) is considered to develop according to 
three consecutive phases. This staging was introduced in 1938 by Sudeck 1 
and more in detail by Maurer in 1940 2. In German literature, this staging 
was soon further modif ied and discussed 34. In English literature, the clas-
sical staging was first described by Steinbrocker in 1948 5 and ever since 
duplicated - sl ightly modif ied - in many reports (table 4.1). In summary, it is 
generally accepted that RSD starts wi th an acute or warm phase in which 
pain, edema, a red and warm skin are prominent, that the second or dys-
trophic phase is characterized by vasomotor lability wi th alternating skin 
temperature and skin color, regression of edema, onset of patchy bone 
atrophy, hyperhidrosis or hypohidrosis, together wi th changes in nail 
growth and hair growth, and that the th i rd , atrophic or cold phase is char-
acterized by a cold and pale-blue shiny skin wi thout edema, contractures 
and atrophy of all tissues. 
Unfortunately, wi th in the classical descriptions, there are confl ict ing state-
ments concerning the occurrence of hyperhidrosis in phase 1 or 2, the 
occurrence of patchy bone atrophy in phase 1 or 2, or the presence of pain 
in phase 3. All authors agree as to the triphasic changes in skin tempera-
ture and that edema is present in acute cases only. However, Shumacker 
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reported that skin temperature was cold from the start in 27 of 90 RSD 
patients 6. Maurer, who supported the classical staging, described 9 
patients, who 3 years after onset of RSD still showed all signs and symp­
toms of phase 2 without atrophy2. Others stated that patients can cure in 
each phase and that RSD therefore does not have to go through each 
phase 4. Steinbrocker, who reported a time-related staging first in 1948, 
reviewed the syndrome in 1968 and stated that the evolution into three 
stages may be seen on average, but is not a general rule. Some patients 
reach phase 3 within 4 to 6 months after onset, while others take a much 
larger time to reach phase 3 5 7. 
Table 4.1 Classical staging of RSD 
first stage second stage third stage 
Sudeck 1Э381 
'Umbau' 
warm, edema, cyanosis, 
atrophy of muscles, no 
trophic disturbances, pain 
spontaneous and during 
exercise, hyperhidrosis, 
patchy osteoporosis 
'Übergang' 'Atrophie', > 3 months 
cold, cyanosis, atrophy, 
nails rippled, pain 
spontaneous and with 
exercise, diffuse 
osteoporosis 
Maurer 19402 
'physiologischen reaktiven 
Umbau'. 2-3 months 
warm, edema, limited 
range of motion, paresis 
with hypotony, 
hyperhidrosis, 
hypertrichosis, atrophy of 
muscles, no or patchy 
osteoporosis, normal 
sensibility, pain during 
exercise 
'Dystrophie'. > 3 months after 
onset 
cold, cyanosis, shiny skin, 
edema, (irreversible) limited 
range of motion, hypohidrosis, 
nails rippled, atrophy of muscles 
without hypotony, pain at rest 
and during exercises, patchy or 
diffuse bone atrophy, no sensory 
disturbances 
'atrophie' > 9-12 months 
after onset 
cold, pale-blue, normal or 
shiny skin, no edema, 
paresis, irreversible limited 
range of motion, no pain 
during exercise, normal 
sweat secretion, normal hair 
growth, normal nail growth 
Steinbrocker 1948b 
lasting 3-6 months 
pain, warm, red/dusky 
pink, edema, limited range 
of motion, paresis, 
hyperreflexy, no 
osteoporosis 
lasting 3-6 months 
warm/cold, no edema, fingers 
stiffen, atrophy of subcutaneous 
tissues and muscles, patchy 
bone atrophy 
lasting many months 
cold, atrophy of all tissues, 
contractures of tendons, 
hypertrichosis, nodular 
fascitis of palmar fascia, 
diffuse osteoporosis 
When analyzing the literature, we could not find reports in which this stag-
ing is documented. Still, today this staging is used by many physicians and 
is even used to guide treatment289. In a previous study 10, we reported 
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signs and symptoms of RSD in patients at the time of first consultation at 
our department. When relating signs and symptoms to the duration of 
RSD, we could not confirm the classical staging. The natural history of RSD 
is unknown. As it is unethical to follow up patients without treatment, we 
therefore were unable to register the natural history in a prospective study 
We analyzed all patients treated by our department, in order to find out 
whether three successive stages of RSD could be identified. 
• PATIENTS AND METHODS 
All patients with a suspected diagnosis of RSD and coming to our attention 
were analyzed for signs and symptoms. RSD has not been clearly defined 
in literature. The criteria for diagnosis are summarized in table 4.2 and are 
discussed in a previous study 10. Most patients were referred from other 
hospitals or were seen only once for second opinion or therapeutic advice. 
Prognosis in referred patients is probably worse than average because 
patients who favorably responded to treatment are not referred. Referred 
patients therefore may have other characteristics than the total population 
of RSD patients. Therefore only those patients were studied, which were 
coming from our own district, and treated in our institution. 
Table 4.2 Diagnostic criteria for RSD 
1 4 or 5 of following symptoms 
unexplained diffuse pain 
difference in skin color in relation to the healthy symmetrical limb 
diffuse edema 
- abnormal skin temperature in relation to the healthy symmetrical limb 
- limited active range of motion 
2. Above signs and symptoms increase after using the affected limb 
3 Above signs and symptoms are present in an area much larger than the area of primary 
injury or operation and including the area distally of the primary injury 
All patients were treated according a protocol including scavengers of oxy-
gen radicals. This protocol is discussed elsewhere "1 2 1 3 u . Skin tempera-
ture was carefully monitored during treatment. When skin temperature 
was cold, we treated patients with vasodilatators or sympathetic blockade, 
in order to increase blood flow. This medication was continued up to the 
moment it could be stopped without recurrence of the cold skin tempera-
ture. If such medication was necessary for optimizing skin temperature 
these patients were considered as cold RSD. 
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• RESULTS 
From november 1984 to december 1991, 177 patients fulfilling the entry 
criteria were studied. 138 were female (78%) and 39 male (22%). Age var­
ied between 13 and 83 years (median 46 years). In 121 patients (68%), RSD 
affected the upper extremity, in 56 patients (32%) the lower extremity. In 
152 patients (86%), RSD followed trauma, in 11 (6%) operation, in 6(3%) 
various other precipiting factors and in 8 patients (5%) RSD developed 
spontaneously. 
Skin temperature 
In 144 patients (81%) skin temperature at onset of RSD - primary tempera­
ture - was warm, in 24 (14%) cold, in 4 (2%) the same as the contralateral 
extremity, and in 5 (3%) primary temperature was unknown to the patient. 
In 25 patients with a primary warm RSD, skin temperature became cold in 
the course of the disease. In 119 patients with a primary warm RSD, skin 
temperature never became cold. From these 119 patients, 60 were cured at 
dismissal, but 59 patients still had complaints 3 months to 5 years (median 
9 months) after onset of RSD. When skin temperature was cold at the time 
of examination, a treatment aimed at increasing blood flow was started in 
all cases. Therefore we can not tell whether primary cold RSD became 
warm because of the natural evolution of RSD or due to treatment. 
All patients told us that the skin temperature varied during the day and/or 
the course of the disease. Skin temperature changed after exercise or after 
painful stimuli, changes in surrounding temperature, in dependency, dur­
ing emotions or stress or exposure to sunlight. A warm skin temperature 
became warmer or turned to cold and a cold skin temperature became 
colder or turned to warm. These changes were invariably present at onset 
of the disease, during the course and, if not cured, at dismissal. 
Table 4.3 Skin temperature at onset of RSD primary skin temperature 
primary skin temperature η % 
warm 119 67 
became cold later 25 14 
cold 24 14 
no difference 4 2 
unknown 5 3 
Total 177 100 
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Edema 
Edema was present in the acute phase in 146 patients (82%). At dismissal, 
12 patients suffered from edema (13%). 
Other signs and symptoms, such as hyperhidrosis or hypohidrosis, differ-
ences in nail growth and atrophy of tissues were not scored at dismissal so 
no data are available in this respect. Also unknown is whether patients 
developed patchy or diffuse osteoporosis because no radiographs were 
made during follow up. 
• DISCUSSION 
The classical evolution of RSD into three consecutive stages could not be 
confirmed in the present study. In 14% of the patients, RSD started with a 
cold extremity, while a warm extremity persisted in 50% of the late cases. 
The alterations in skin temperature and skin color, classically described in 
the second stage of RSD, occurred in all three phases after exercise, 
painful stimuli, dependency or changes in surrounding temperature. In 
only 25 patients (14%) the disease developed according to the classical 
staging, that is warm at onset and ending with a cold extremity. 
In a previous study, we found that RSD patients with a primary cold skin 
temperature had a poor prognosis " . Most patients with primary warm 
RSD heal without major complaints. Patients with primarily cold RSD have 
a much higher chance of developing severe late complaints, resulting in 
late referral. The population of a RSD clinic is therefore dominated by late 
cases with primarily cold RSD. Thus, the development of RSD according to 
three consecutive stages is not a uniformly present characteristic of RSD 
but seems to be the result of a patient selection bias. 
As in this study the classical three stages of RSD could not clearly and reg-
ularly be found, and as the classical staging has no therapeutic or prognos-
tic consequences, we suggest to drop this concept. Because the skin tem-
perature at onset of RSD has prognostic value and therapeutic 
consequences 11, we suggest to identify two groups of RSD patients 
according to the skin temperature at onset of RSD: primarily cold RSD and 
primarily warm RSD. 
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ABSTRACT 
The case of a patient who was involved in a car crash is presented. On the right 
side her wrist and zygomatic arch were fractured. At both localizations she devel-
oped a painful syndrome. The diagnosis of reflex sympathetic dystrophy (RSD) of 
her arm was made within 3 weeks after the injury and therapy instituted. The pain 
in her face and skull were accompanied by vasomotor changes which increased 
after exercise and by hypesthesia, hyperpathia, paresis and hyperhidrosis. Disor-
ders of the cranial nerves were excluded by physical examination and electromyo-
graphy and structural disorders by CT-scan. The diagnosis RSD of the head was 
made one year after the injury. 
The problems in diagnosis are discussed. 
• INTRODUCTION 
Reflex sympathetic dystrophy (RSD) is easily diagnosed when classical 
signs and symptoms develop in an extremity fo l lowing an injury or 
surgery. Problems arise when the same signs and symptoms are present 
but are not localized in an extremity, or when no precipitating trauma can 
be found. Often the diagnosis is missed or delayed, as shown in the fo l low-
ing case. 
• CASE REPORT 
A 47-year-old woman was involved in a car crash during a holiday in 
Spain. She was admitted to the hospital wi th a cerebral contusion, several 
superficial wounds in the face, and a right sided Colles' fracture. The two 
wounds in the face were sutured. The Colles fracture was reduced and 
immobil ized in a plaster of Paris. She came to the outpatient clinic in Alk-
maar 3 days later. At that t ime a right-sided, impacted zygomatic arch frac-
ture and a fracture of the base of the orbit were diagnosed and treated by 
surgical reposit ioning and internal f ixat ion. All fractures and wounds 
healed uneventfully. However, she developed a primary warm reflex sym-
pathetic dystrophy in her right arm 3 weeks after the injury. The hand was 
red, swollen and warm. Active ranges of mot ion in all f ingers and the wrist 
were decreased. These signs and symptoms increased after the extremity 
was used. The hand showed slight hyperhidrosis and increased nail 
growth. Physical therapy and six intravenous blockades wi th guanethidin 
resulted in partial improvement. 
Until 6 months after the injury she was treated by a maxil lofacial surgeon. 
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With in a few days after surgery she noticed pain in her face wi th paresis. 
Because of this paresis physical therapy was started. The pain was treated 
wi th nonsteroidal ant i inf lammatory drugs, which gave her little relief. 
One year after the crash she again visited our out-patient clinic. She still 
complained of pain in her head and face. She described her pain as annoy-
ing and heavy. The pain became worse wi th sound and when she used her 
facial muscles. She also complained of a dull feeling in the skin of her right 
face and skull. She could not bear to be touched in this same area. It was 
impossible for her to sleep wi th the right side of her face on a pi l low. 
Combing her hair was extremely painful. The right side of her face was set. 
At the end of the day the right corner of her mouth and the right-upper 
eyelid drooped. After physical therapy - started because of this paresis -
the skin of the right half of her face became red, warm, swollen and wet. 
Physical examination showed a slightly swol len, red and warm area with 
hyperhidrosis in the right side of the face. We found hypesthesia and 
hyperpathia at the right side of the face and skull that was unrelated to the 
anatomic innervation area of a peripheral nerve. At the scalp these sensory 
changes extended to several centimeters beyond the midl ine. The muscles 
of the right side of the face showed slight paresis, particularly the muscles 
around the mouth. Involuntary movements were not present. Examination 
of the cranial nerves revealed no disturbances. The consulted neurologist 
found slight disturbances in concentration. Electromyographic and elec-
t roencephalograph^ examination showed no disturbances, notably no 
synkinesis as a sign of paresis of the facial nerve. Also a CT-scan showed 
no intracranial abnormalit ies. He could not explain the headaches, sensory 
disturbances nor the pareses and concluded that she was suffering f rom a 
posttraumatic emotional instabil ity syndrome. 
We made the diagnosis RSD of the right half of the face. According to 
Gor is ,1 therapy wi th scavengers of oxygen free radicals may improve or, 
when started soon after onset, may relieve RSD. We started administration 
of N-acetylcysteine 600 mg three t imes daily. This resulted in reduction in 
the severity of signs and symptoms; the warm, red and swollen area of 
skin soon decreased in size. Signs and symptoms only recurred after pro-
longed exercise of the facial muscles. The pain decreased only partially. At 
that t ime, the RSD present in her right arm was ful ly cured. 
• DISCUSSION 
Until now no consensus existed concerning the diagnostic criteria for RSD. 
Presently no biochemical or technical examination is sensitive and specific 
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enough for diagnosis. This means that the diagnosis must be made on the 
basis of the interview and physical examination. Reviewing the literature, 
criteria for diagnosis differ on many points. 
First, the signs and symptoms as pain, changes in color and temperature, 
edema and functio laesa must be present although any one may be miss­
ing 2 3. These symptoms must arise or be exacerbated by exercise 2 4 5 or by 
nonspecific stimuli such as emotion, sounds or changes in surrounding 
temperature 6 7. Neurologic symptoms such as pareses, hypesthesia and 
hyperpathia are frequent2 4 8. The sensory disturbances are of a glove or 
stocking type, unrelated to peripheral or segmental innervation 2 4. Dys­
trophic symptoms such as hyperhidrosis are less frequently present than 
presumed and probably occur in only half of the patients2 6. Atrophy of all 
tissues may develop when the syndrome lasts. 
Second, many authors would exclude RSD when no luxating or precipitat­
ing event was present. Most often an injury or surgery may be the precipi­
tating event but other events such as a myocardial infarction may also 
cause the RSD 3 4 6 9 1 1 . in contrast, some authors presented patients with all 
the signs and symptoms of RSD although no clear luxating moment could 
be found 2S. Thus RSD might occur spontaneously. 
Third, patients nearly always have signs and symptoms of RSD located in 
one or more extremities6". Signs and symptoms must be present in an 
area at the periphery of an extremity and in all cases including the area dis-
tally of the primary injury2. In contrast to this, reports from the last decade 
show patients with RSD localized in proximal parts of an extremity. Partic­
ularly the French literature shows many examples of what they call algody-
strophy restricted to a hip or knee.12 Some authors reported RSD localized 
at the thoracic wall.1 Э 
Reflex sympathetic dystrophy localized in the head or face is very rare. 
Bingham 14 described two cases of burning pain in the face after bullet 
wounds, although both patients did not complain of vasomotor changes. 
Several reports have been made of causalgic pain in patients after dental 
extractions. These patients complained of burning pain although other 
signs and symptoms of RSD were not noted 1516. Hanowell et al " 
described a patient with phantom pain and RSD in the face after a glossec-
tomy and laryngectomy. Khoury et a l 1 8 and Jaeger et al Ί9 presented 
reports concerning patients with RSD of the face in whom all signs and 
symptoms were present. 
As with diagnosis, there is no consensus regarding therapy for RSD. Sym­
pathetic blockade 6 1 0 2 0 2 1 and corticosteroids6 2 2 2 3 have proved helpful in 
only some patients. Although only few studies are present concerning 
therapy with scavengers of oxygen free radicals, they seem to produce 
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good results 124. Therapy in our patient resulted in a permanent decrease 
of complaints. Since remaining signs and symptoms were minor and good 
results from therapy in long-standing RSD are not expected, we did not 
institute other forms of treatment. 
The pathophysiology of RSD remains largely unknown. Many authors 
point at the sympathetic nervous system. Dysregulation of the sympathetic 
nervous system may play an important role in maintaining this disease but 
can not explain the cause. In its early phase, RSD is characterized by pain, 
increased skin temperature, swelling, redness and function laesa. These 
signs and symptoms are those of an inflammatory process. Furthermore, 
RSD is characterized by cellular hypoxia 25, decreased oxygen extraction,26 
and increased permeability for macromolecules.21 These findings support 
the role for toxic oxygen radicals as a cause for RSD. Sudeck might have 
been right in 1942 28, when he reviewed this disease at the end of his 
career. He stated that RSD is a pathologic course of a physiologic inflam-
matory response to an injury. 
• CONCLUSION 
Presently the diagnosis of RSD has to be made primarily on the basis of 
the clinical signs and symptoms. These include pain, swelling, vasomotor 
changes, functio laesa and an increase in the severity of these signs and 
symptoms after exercise. Many other signs and symptoms may be present 
but they are not necessary for diagnosis. Localization in the distal part of 
an extremity and development after a precipitating event are helpful in 
diagnosis but both apparently are not mandatory. Localization of RSD out-
side an extremity and especially in the face is rare, but does occur. 
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ABSTRACT 
Five hundred forty one patients with reflex sympathetic dystrophy (RSD) of the 
upper extremity were prospectively studied. One hundred fifteen patients com-
plained of pain and/or limited range of motion in the shoulder. Shoulder com-
plaints more often occurred in women (p=0.01); age and etiology were not different 
from patients with RSD without shoulder complaints. Physical examination 
showed a tendinitis of one or both tendons of the biceps muscle in 109 patients. 
Seventy one patients were treated with local injection of bupivacaine followed by 
methylprednisolone. This resulted in permanent relief of complaints in 34 patients, 
temporary or moderate relief in 31, no difference in 3, increase of complaints in 1 
patient and in 2 patients results were not documented. We conclude that shoulder 
complaints in RSD occur in a minority of patients and more often in female 
patients. There are no predisposing factors. The pathophysiologic mechanism for 
developing shoulder complaints remains unknown. In most cases complaints can 
be attributed to a bicipital tendinitis for which local injection of bupivacaine fol-
lowed by prednisolone are both diagnostic and therapeutic. 
• INTRODUCTION 
Reflex Sympathetic Dystrophy (RSD) is a clinical syndrome of which many 
aspects are still unknown. The syndrome is characterized by regional pain, 
edema, vasomotorie changes, l imited acted range of mot ion and increase 
of these signs and symptoms after exercise. Many other signs and symp-
toms, especially neurologic disturbances and atrophy of all tissues, may be 
present \ Complaints usually start after minor trauma or surgery although 
many other precipitating events have been reported. In 5% of patients no 
luxating factor can be found. 
The signs and symptoms are localized in the periphery of an extremity. 
Some authors report patients wi th RSD localized around a knee, hip, tho-
racic wall of even face though these presentations are rare. Also RSD can 
be present in more than one extremity2 . 
Many patients wi th RSD localized at the hand or wrist also have shoulder 
complaints. This coexistence is often called the shoulder-hand synd rome 3 
or the shoulder-hand-finger syndrome 4 . The nature of the shoulder com-
plaints is unknown. Also facts concerning prevalence, clinical presentation, 
therapy and prognosis are needed for better understanding these shoulder 
complaints. 
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• PATIENTS AND METHODS 
Since we instituted an outpatient clinic for RSD in 1984 we have seen 
approximately 1,000 patients, mostly referred from other departments or 
hospitals with presumed or suspected diagnosis RSD of the upper extrem­
ity. All patients were prospectively studied for signs and symptoms. 
RSD has not been clearly defined in literature. The following criteria were 
used for diagnosis (table 6.1). At least four of the five following signs and 
symptoms had to be present: unexplained diffuse pain in the extremity, a 
definite discoloration of the skin (abnormal redness, pallor, or cyanosis), 
diffuse edema, abnormal skin temperature, and limited active range of 
motion. These signs and symptoms had to increase after using the 
affected extremity. Furthermore, the previous signs and symptoms had to 
be present in an area much larger than the area of primary injury or 
surgery and necessarily including the area distant of the primary injury (for 
instance in Colles fractures also the hand and fingers). 
The selection criteria used in this study approximate those, used in other 
studies concerning RSD 5 8 and have been discussed in a previous study \ 
When shoulder complaints were present, special attention was given to 
the shoulder. If a tendinitis of one or both tendons of the biceps muscle 
was found, an injection with bupivacaine hydrochloride 0.25% (Marcaine, 
Sanofi Winthrop Pharmaceuticals, New York) followed by methylpred-
nisolone acetate (Depo-Medrol, Upjohn Company, Kalamazoo, Ml) was 
given around the painful tendon(s). 
Statistical analysis was performed by the Chi-square-test; ρ < 0.05 was 
considered significant. 
Table 6.1 Diagnostic criteria 
1 4 or 5 of 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2 Occurrence or increase of above signs and symptoms after use 
3 Previously mentioned signs and symptoms present in an area much larger than the area 
of primary injury or operation and including the area distal to the primary injury 
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Table 6.2 Differences between patients with and without shoulder complaints 
η 
Age (median) 
Female patients (%) 
Etiology: 
Trauma 
Surgery 
Diverse 
Spontaneous 
Coexistent pathology 
with shoulder 
complaints 
115 
12-75(47) 
99 (86%)» 
70 (61%) 
24 (21%) 
6 (5%) 
15 (13%) 
8 (7%) 
without shoulder 
complaints 
426 
13-84 (47) 
317 (74%) 
288 (68%) 
79(18%) 
26 (6%) 
33 (8%) 
21 (5%) 
Chi-Square: ρ = 0.01 (Yates corrected) 
During the study period (November 1984 to October 1993) 541 consecutive 
patients with RSD fitting into the criteria and localized in the upper extrem­
ity were studied. One hundred fifteen patients (21%) complained of pain in 
the shoulder at rest or during movements. When patients with shoulder 
complaints are compared with patients without shoulder complaints (table 
6.2), shoulder complaints occurred more frequently in women (p = 0.01). 
Age and etiology did not differ between both groups. Twenty nine of 541 
patients with RSD in the upper extremity were diagnosed with other dis­
eases; 8 of these had shoulder complaints (twice diabetes mellitus, 
rheumatoid arthritis, epilepsy, amyotrophic lateral sclerosis, psychomotor 
attacks after cerebral aneurysm surgery, syringomyely, psoriasis). 
Physical examination showed a limited range of motion of the gleno-
humeral joint in all directions, that is a frozen shoulder, in 6 patients. A 
painful arc during active abduction was never found. One hundred nine 
patients complained of diffuse pain in the shoulder area. At examination, if 
pressure exerted over one or both bicipital tendons of the biceps muscle 
provoked pain. Sleeping on the affected shoulder was not possible, and 
maximal extension together with endorotation of the shoulder, was uni­
formly painful. Twenty of these patients were seen only once for a second 
opinion or therapeutic advise. In 17 patients we did not institute a specific 
treatment because complaints were minor and self limiting and one 
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patient refused an injection. In 71 patients bupivacaine hydrochloride fol­
lowed by methylprednisolone acetate was injected surrounding the painful 
tendon (table 6.3). This immediately relieved pain in 65 patients. After 
injection, full range of motion in the glenohumeral joint was restored. In 
most patients these injections produced a temporary painful reaction dur­
ing the first 48 hours, but if patients were warned this was always 
accepted. In 34 patients pain was permanently relieved with one or two 
injections. In 31 patients relief of pain was temporary or moderate. In two 
patients results were not documented, in one patient complaints increased 
and in three patients no improvement was observed. 
Table 6.3 Results of local injection of bupivacaine followed by methylprednisolone in 
patients with bicipital tendinitis 
effect 
Permanent relief 
Temporary or moderate relief 
No difference 
Increase of complaints 
Not documented 
34 
31 
3 
1 
2 
48% 
42% 
4% 
1% 
3% 
Total 71 
• DISCUSSION 
Kahlmeterэ reported in 1930 the coexistence of shoulder complaints with 
vasomotorie disturbances in the hand. During World War II several authors 
described patients suffering from ischemic heart disease, together with 
shoulder complaints, as well as swelling and vasomotor changes in the 
hand 1012. In 1947 Steinbrocker13 distinguished this combination as a sepa­
rate entity and called it the shoulder-hand syndrome. He also reported 
patients without ischemic heart disease. Since 1947 many authors 
reported patients with this syndrome. 
Shoulder complaints exist of pain, stiffness, and/or limited range of 
motion. Limited range of motion may be passive or active because of pain. 
In severe cases a frozen shoulder can occur u . Swelling or vasomotor 
changes in the shoulder area, characteristic features of RSD in the hand, 
have never been reported. Berger found several trigger areas around the 
shoulder girdle in 20 patients with postinfarctional shoulder-hand syn­
drome 15. 
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Pathophysiology 
The pathophysiologic mechanism of this shoulder-hand syndrome is 
unknown. Why shoulder complaints occur together with complaints in the 
hand is not understood. Surprisingly, the joint in between, ie, the elbow, 
seems to be free of symptoms. Segmental influences were suggested but 
never have been proven 16. As the signs and symptoms in the hand and the 
shoulder are clearly different, this suggests two different pathophysiologic 
mechanisms. Because the pathophysiologic mechanism of RSD is still 
unknown we shall discuss shoulder complaints only. 
Some authors suggest that in patients with shoulder-hand syndrome other 
factors are present, in contrast to RSD without shoulder complaints, 
because the shoulder-hand syndrome more often occurs in patients with 
other diseases 141718, such as spastic hemiplegia ^192021, cervical spondylo-
sis 141718, or in patients using barbiturates 2223 or tuberculostatics232425. An 
increased incidence of shoulder-hand syndrome in these diseases has 
never been proven in a prospective study. We found associated diseases in 
only three patients and neurologic disorders in four patients of which one 
was treated with barbiturates. Besides the increased prevalence of women 
with shoulder complaints, we could not find differences between RSD 
patients with and without shoulder complaints, especially age and etiology 
were not different in between groups. We conclude that there is no evi-
dence for the presence of predisposing factors for shoulder complaints 
developing in RSD patients. 
Moberg suggested immobilization as a mechanism responsible for the 
development of shoulder complaints in RSD 26. If immobilization alone is 
responsible for shoulder complaints, one would expect a higher incidence 
of shoulder complaints in flaccid paresis, which is not the case. On the con-
trary, shoulder complaints develop more frequent in spastic paresis 21. Ern-
stene stated that symptoms develop as a result of relative disuse of the 
shoulder and abnormal tension of the muscles of the shoulder girdle; pos-
sibly as a protecting mechanism against pain triggers 12. If this mechanism 
is true, then complaints must first develop in the hand and later in the 
shoulder. In contrast to this, some authors report the synchronous devel-
opment of complaints in shoulder and hand, or even first in the shoul-
der 1"1? 23. Unfortunately, we did not document the time between the start 
of complaints in hand and shoulder, though we recall that in most patients 
complaints started in the hand, followed sometimes after several months 
or years by shoulder complaints. 
In most of our patients, a tendinitis of one or both tendons of the biceps 
muscle was diagnosed. Bicipital tendinitis is diagnosed on clinical signs 
and symptoms. Pain is often localized over the anterior aspect of the shoul-
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der, though it may irradiate distally to the biceps belly or proximally to the 
shoulder surface or trapezius area. Pain can be elicited by isometrical con-
traction, supination of the forearm and flexion of the elbow in a 90° flexed 
position, and/or by pressure exerted by the investigator at the bicipital 
groove or just distal of the coracoid process. Other tests have been 
described 27 but sensitivity and specificity of these tests are unknown. 
Roentgenograms, arthrography, ultrasonography or computerized tomo-
graphy do not contribute to the diagnosis but can be helpful in ruling out 
other disorders 2728. Local infiltration with an anesthetic agent surrounding 
the painful tendon may relieve the pain within minutes, which helps in 
establishing the diagnosis. In general, bicipital tendinitis is caused by 
degenerative changes, chronic tension or chronic inflammation caused by 
anatomic variations, repeated trauma or secondary to cuff lesions 272930. 
Chronic tension or inflammation may cause microtears and swelling of a 
tendon. Cellular infiltration, increased vascularity and a localized synovial 
reaction may contribute to tendon swelling 2830. Therefore, chronic tension 
may be responsible for the development of a bicipital tendinitis in patients 
with RSD of the upper extremity. 
Therapy 
Many therapies have been described for shoulder complaints in RSD. 
Probably, a majority of the shoulder complaints are self-limiting 26. Stein-
brocker and Neustadt31 reported disappearance of shoulder complaints in 
8 of 9 untreated patients, whereas disability of the hand remained in 7 of 9 
patients. We found minor shoulder complaints in 17 of 89 patients, which 
all proved self-limiting in time. 
For chronic bicipital tendinitis of the long head in non-RSD patients, a ten-
odesis has been advocated as treatment, but long-term results are poor32. 
Local injections with corticosteroids are a popular form of therapy in mus-
culoskeletal disorders 33. They have been prescribed for tendinopathies 
and shoulder complaints with varying results. Complications are rare 34. In 
case of a shoulder-hand syndrome, we found one report: Berger injected 
hydrocortisone (compound F) without local anesthetics in trigger areas in 
the shoulder girdle and found good results after 1 to 4 injections in all 20 
patients 15. Injections should be administered in aseptic conditions and not 
into the tendon or joint but surrounding the painful tendon or into the ten-
don sheath 35. Repeated injections are possible but if the first injection did 
not relieve pain, there is no reason to expect a second or third injection 
would do better. In our patients 92% responded with permanent or tempo-
rary improvement to injection with bupivacaine followed by methylpred-
nisolone. Although prospective controlled studies are necessary to esti-
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mate the value of this treatment we consider these injections as extremely 
helpful in both diagnosis and therapy. 
• CONCLUSION 
Shoulder complaints in patients with RSD of the upper extremity occur in a 
minority of patients and more frequently in women. We do not consider 
the shoulder-hand syndrome to be a specific entity identifiable from RSD 
of the upper extremity. The pathophysiologic mechanism remains 
unknown, though in the majority of patients complaints can be attributed 
to a tendinitis of one or both tendons of the biceps muscle. One or more 
injections with bupivacaine followed by methylprednisolone are both diag­
nostic and therapeutically successful. 
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ABSTRACT 
Reflex sympathetic dystrophy (RSD) has been considered as a pathological process 
developing after nerve trauma. 75 patients with RSD and neurologic signs and symp­
toms were investigated with EMG. In 40 patients, no disturbances were found. In 7 
patients minor disturbances were present. In 28 patients, results indicated a compres­
sion neuropathy (11x), a nerve injury as the luxating event of RSD (8) or other coexis­
tent pathology. For patients with disturbances found on EMG, the results of E MG 
could never offer an explanation for all neurologic signs and symptoms present. 
As both clinical signs and symptoms and EMG findings can not be attributed to 
nerve trauma, we do not support the concept of a - mechanical - nerve injury as the 
universal cause of RSD. A locally produced toxic factor which damages all struc­
tures seems more probable. In this latter concept, etiologic events, character and 
distribution of the signs and symptoms in RSD can all be explained. Decreased spe­
cialized sensory functions can be attributed to damage of receptors, increased pain 
sensation to sensitized nociceptors and effects of sympathetic blockade to α-adren­
ergic sensitization. Toxic oxygen radicals produced in an inflammatory (re)action to 
trauma or surgery are a possible cause. 
• INTRODUCTION 
Many aspects of reflex sympathetic dystrophy (RSD) are still unknown. The 
syndrome is characterized by regional pain, edema, changes in skin color 
and skin temperature, l imited active range of mot ion and increase of these 
signs and symptoms after exercise. Many other signs and symptoms, espe­
cially neurologic disturbances, may be present. All structures can be affected 
and all functions lost (sensory, motor, sympathetic, hemodynamic) 3 3 . 
Most physicians consider RSD as a result of nerve trauma 5 2 2 . In theories 
concerning pathophysiology of RSD, nerve trauma is the precipitating 
event leading to increased afference, crosstalk between nerves or sensi­
tized wide dynamic range neurons and, as a consequence, increased effer-
ence or a vicious circle of ongoing activity. In that case one w o u l d expect 
alterations detected by EMG, showing impaired nerve conduction or signs 
of denervation or reinnervation. The purpose of this study is to report the 
results of EMG investigation performed in patients wi th RSD wi th neuro­
logic complaints and to relate the f indings to the pathogenesis of RSD. 
• PATIENTS AND METHODS 
Since we instituted an outpatient clinic for RSD in november 1984, we have 
seen approximately 1500 patients - mostly referred f r o m other depart-
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merits or hospitals - with presumed or suspected diagnosis of RSD. RSD 
has not been clearly defined in literature. The following criteria were used 
for diagnosis: 
1. 4 or 5 of: 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2. Occurrence or increase of above signs and symptoms after use 
3. Above signs and symptoms present in an area much larger than the 
area of primary injury or operation and including the area distal to 
the primary injury 
These diagnostic criteria approximate those, utilized in other studies con­
cerning RSD and are discussed in a previous reportз э. 
Measuring nerve conduction and needle electromyographic examination 
was performed for various reasons but only when neurologic signs and 
symptoms were present. 
• RESULTS 
75 patients fitting into the criteria for RSD were investigated by EMG. In all 
patients, the classical signs and symptoms of RSD were accompanied by 
sensory or motor disturbances. Included were 21 male and 54 female 
patients. The median age was 40 years (15-83 years). RSD was present 
since 5 days to 10 years (median 8 months). 
EMG was performed for various reasons. Results were related to the indi­
cation for performing EMG (table 7.1). 
Nerve injury 
In 14 patients EMG was performed to diagnose or rule out a nerve injury as 
the luxating event of RSD. In 5 patients, results were normal. In 1 patient 
minor disturbances were present; an ulnar nerve injury was suspected in a 
37 year old male with RSD after fracture of the radial head. EMG demon­
strated only a slightly decreased conduction velocity (41 m/sec) of the 
ulnar nerve located at the elbow, with normal distal sensory and motor 
latencies. 
In 8 patients, the suspected nerve injury could be objectivated by EMG. 
The cause of RSD was injury of the peroneal nerve in 2 patients, brachial 
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plexus injury in 2 patients, median nerve injury in 3 patients and multiple 
nerve injuries in 1 patient. In all but one patient the nerve injury could be 
related to the cause of RSD: direct trauma, insufficient positioning during 
surgery, inadequately applied plaster of Paris or misplaced injection. In 
one patient, results were not completely understood: a 52 year old female, 
known to suffer from hypereosinophylic syndrome, demonstrated signs of 
polyneuropathia and denervation potentials in the muscles innervated by 
the median nerve. 
Entrapment 
In 28 patients EMG was performed because of suspected entrapment of 
the median nerve (23x), ulnar nerve (3x) radial nerve (1x) or medial tarsal 
nerve (1x). In 11 patients a carpal tunnel syndrome (CTS) (decreased con­
duction velocity located at the wrist with or without denervation and/or 
reinnervation) was found. In the other 17 patients, EMG demonstrated no 
disturbances. 
In one of the patients with clinical and electromyographic evidence of a 
CTS, RSD had developed after a carpal tunnel release; renewed EMG 
showed improved - but still impaired - conduction velocity with signs of 
reinnervation (polyphasic potentials). Release of the median nerve was 
advised to all patients with evidence of a CTS. One patient refused surgery. 
Another patient was seen only once on behalf of a second opinion. In 9 
patients a carpal tunnel release was performed. This cured the CTS related 
symptoms in 6 patients and also RSD in 2 patients. In 3 patients complaints 
before and after surgery were the same. 
Radiculopathy 
A (pseudo)radiculopathy was suspected in 9 patients. 
In 4 patients results of EMG were normal. In 2 patients, minor disturbances 
were found. In one of these two patients, who underwent laminectomy 
four times, Η-reflexes were absent without signs of denervation or fascicu-
lation. In the second patient, Η-reflexes were normal but the distal per­
oneal superficial nerve showed slightly decreased compound motor action 
potential (CMAP) and a slightly decreased conduction velocity (44 m/sec; 
normal > 45 m/sec). 
In 3 patients evidence of radiculopathy was found, but again, clinical signs 
and symptoms could not explain the findings on EMG. 
RSD 
In 5 patients EMG was performed because RSD was diagnosed and the 
consulted physician thought this could be objectivated with EMG. In 2 
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Table 7.1 Indications and results of EMG 
η results of EMG 
normal minor disturbed 
disturbed 
RSD 
neurologic complaints 
not understood 
nerve injury 
entrapment 
radiculopathy 
conversion 
others 
5 
13 
14 
28 
9 
5 
1 
3 
9 
5 
17 
4 
2 
patients we found disturbances. A 34 year old male with RSD of sponta­
neous origin in the left upper limb, had a slightly increased number of 
polyphasic potentials in both left and right deltoid muscles and in the left 
trapezoid muscle and a slightly decreased F-response over the left ulnar 
nerve. Another patient, a 57 year old male, developed RSD in the left upper 
extremity after manipulation of the cervical spine, performed because of 
shoulder complaints. The EMG showed increased insertional acitivity in 
the biceps as well as the triceps muscle but not in the distal muscles of the 
extremity, and slightly impaired conduction of the median nerve at the 
level of the wrist on both sides, without signs of denervation. In both 
patients, the EMG disturbances could not be related to the loss of sensibil­
ity and the hyperpathia. 
Neurologic signs and symptoms not understood 
In 13 patients, EMG was performed because the neurologic complaints were 
not understood. The consulted physician could not relate the pain, sensory 
disturbances and/or paresis to a known disorder. No disturbances were 
found in 9 patients. In 4 patients, minor disturbances were found, which 
could not be related to the clinical symptoms. In patient 1,a minor conduc­
tion impa irment of the ulnar nerve at the level of the elbow without denerva­
tion or reinnervation was found while clinically severe paresis of both flexor-
and extensor-muscles intheforearm was present. In patient 2 who suffered 
from severe hypesthesy and hyperpathy, a fewfibrillation potentials 
togetherwith increased insertion wasfound. Patient3, whocomplained of 
pain in the entire hand with hyperpathy, a minor increase in distal motor 
latency of the median nerve (4.7 msec) with normal conduction velocity at the 
level of the wrist (54 m/sec) wasfound. Increased insertion was present in the 
indication 
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left and right anterior tibial m úseles in patient 4 while RSD with severe sen-
sory disturbances and paresis was present in only the left lower limb. 
Conversion 
In 5 patients, a conversion disorder was suspected and the consulted 
physician thought EMG was necessary to rule out other disorders. In a 
later stage we made the diagnosis RSD in all 5 patients. In 2 patients EMG 
examination was unrevealing, in 3 patients disturbances were found. In a 
56 year old female suffering from RSD after a fracture of the fifth 
metatarsal bone, EMG showed polyphasic potentials in the muscles inner-
vated by the peroneal nerve, as a sign of reinnervation. Probably an old 
nerve injury was present because of an inadequately applied plaster of 
Paris. Nevertheless, these results could not explain the severe pain, hypes-
thesy and severe paresis of extensor and flexor muscles. The second 
patient was a 40 year old female suffering from RSD in the left lower limb 
after an injection placed in the left gluteal area. EMG showed signs of 
polyneuropathy for which we found no cause. The third patient was a 31 
year old female with a previous history of lumbar spondylodesis. At first, 
low back pain decreased but 1 year after surgery she developed RSD in the 
right lower limb. Η-reflexes could not be elicited and signs of denervation 
were found in the muscles innervated by the 5th lumbar and first sacral 
nerve roots. The findings had improved in comparison with the EMG per­
formed before surgery. As a consequence, these disturbances could not be 
related to the newly developed signs and symptoms, such as pseudoparal­
ysis of foot- and ankle muscles, severe pain and hypesthesy and hyperpa-
thy in a stockinglike area (exceeding dermatomes L5 and S1). 
Others 
In one patient with RSD and known to suffer from amyotrophic lateral scle­
rosis we found a radiculopathy. 
In 2 patients complaints increased after needle electrode investigation. 
One patient told us complaints temporarily decreased the days after EMG 
investigation. 
• DISCUSSION 
Ever since the description of causalgia by Mitchell et al in 1864 25, many 
authors consider - sequelae of - nerve injury as the main pathogenetic fac­
tor of RSD. But, in many cases RSD results from minor injury in which 
nerve injury is not likely to occur and in 5 to 10% no precipitating event can 
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be identified. Also the incidence of RSD after a proven nerve injury and 
after a fracture of the distal radius without nerve lesions is both approxi-
mately 5% 42126; one would expect a higher incidence of RSD after proven 
nerve injury. 
Neurologic signs and symptoms in RSD 
Sensory disturbances in RSD are frequent and consist of decreased sensa-
tion for touch (hypesthesy), temperature (hypothermesthesy) and position. 
In contrast, pain sensation is increased (hyperalgesy and hyperpathy). Also 
normally non-painful stimuli will be felt as pain (allodyny). In severe cases, 
anesthesia dolorosa (pain felt in an anesthetic area) may occur. 
Motor disturbances are also frequently found. Paresis is invariably present, 
sometimes progressing until patients can not move actively at all 
(pseudoparalysis)ld. Incoordinated voluntary movements or involuntary 
movements, such as increased physiological tremor6, dystonia 220and 
localized muscle spasms are found infrequently 142428. In most patients 
these signs and symptoms are not present at onset of RSD, but develop 
after a variable length of time. 
The distribution pattern of motor and sensory disturbances in RSD is not 
limited to areas distributed by nerve roots or peripheral nerves. They are 
present in a glove- or stocking-like area. If nerve injury is present, the neu-
rological disturbances are of course more prominent in the distribution 
area of that particular nerve, but they always exceed its borders. Thus the 
clinical symptoms fit best in a concept of a regional polyneuropathy. 
Electromyography in RSD 
Electromyographic findings in RSD have been reported in a few studies. 
Dumoulin reported increased distal latency with polyphasic potentials 
without signs of denervation and normal conduction velocity in some 
(number of patients not reported) of 22 patients 9. Doury8 reported 
decreased conduction velocities of sensory and/or motor nerves in 9 of 17 
patients with RSD. Uematsu found decreased conduction velocity and/or 
fibrillations in 5 of 32 patients with RSD 32. Unfortunately these studies 
have poor diagnostic criteria for RSD and the EMG-findings are not related 
to the clinical signs and symptoms. Especially no remarks are made con-
cerning the possibility of nerve injury or entrapment neuropathy. Hyman et 
al19 reported normal somatosensory evoked potentials after median nerve 
stimulation in 8 patients with cold RSD. Doury suggested that early elec-
tromyograms would show anomalies more frequently, but this was never 
proven8. 
RSD as a complication of carpal tunnel release has been reported " . Stein 
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reported 6 patients with a CTS and RSD after distal radius fractures or a 
stab wound surrounding the median nerve30. Carpal tunnel release or 
adhaesiolysis releaved all complaints. Grundberg 16 saw nerve compres-
sion syndromes in 22 patients with therapy resistant RSD; this was con-
firmed with EMG in most patients. Decompression improved the com-
plaints in all patients. We found compression syndromes too, but only in a 
minority of patients. Decompression releaved the compression-related 
complaints in 6 of 9 patients and also cured RSD in 2 patients. Thus in 7 of 
9 patients, decompression of the median nerve could not cure the RSD, 
which suggests that the CTS was not the cause of RSD. 
In all patients in this study, there was a discrepancy between the severe 
and often impressive neurologic complaints on one hand, and the absence 
of obvious disturbances on EMG on the other hand. EMG could never ade-
quately explain the motor and sensory disturbances found on physical 
examination. One would expect decreased conduction velocities or fibrilla-
tion potentials and positive waves, as signs of denervation, or polyphasic 
potentials as a sign of reinnervation. In our highly selected patients - only 
those with neurologic symptoms were investigated by EMG - EMG was of 
no value in explaining the neurologic signs and symptoms. As classical 
EMG is very sensitive in testing large diameter nerve fibers (motor and Aß-
sensibility) we conclude that these fibers are not disturbed in RSD. 
Unfortunately, conventional EMG can not detect disturbances of small sen-
sory or autonomic fibers 10. Autonomic function in the extremities can not 
be tested reliably at this moment29. We do not know if and how these 
fibers are (dys)functioning. On the other hand, these fibers are not consid-
ered to conduct motor function and epicritic sensibility, which are both dis-
turbed in RSD. 
Pathogenesis of RSD 
Many authors consider - partial - nerve injury and its sequelae as the cause 
of RSD. As stated above, analyzing the precipitating events does not sup-
port this hypothesis. Also the character, distribution and development of 
clinical neurological signs and symptoms in RSD do not support the con-
cept of a nerve injury, but fit in the concept of a unilateral regional 
polyneuropathy. If mechanical nerve injury would be the cause of RSD, 
large diameter fibers should be the first to dysfunction, and this can be 
objectivated with EMG. This study showed no or minor abnormalities in 
EMG recordings. So we do not consider - mechanical - nerve injury as the 
cause of RSD. 
More probably, a more peripheral lesion - at cellular level - is responsible. 
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A locally produced toxic factor may be the cause of damage. Such a meta­
bolic pathogenesis explains why neurological signs and symptoms are of a 
stocking- or glovelike distribution, as these factors are locally produced 
and therefore result in regional damage not related to a peripheral nerve or 
nerve segment. These factors can damage receptors and in this way 
explain how sensibility for touch, thermal stimuli and propriocepsis are 
decreased (chemodenervation). Damage to nociceptors can result in 
increased sensitivity 17. Cline et al have proven that chronic hyperalgesia in 
RSD is caused by chronic sensitization of the С polymodal nociceptors3. 
Others reported α-adrenergic sensitivity 1723, which explains spontaneous 
pain and increased pain sensation after mechanical- and thermal stimuli 
and after sympathetic arousal. These disturbances can not be objectivated 
by EMG. 
This hypothesis also explains how sympathetic blocks can - temporarily -
releave pain, but are not permanently successful. As there is increased 
α-adrenergic sensitivity, circulating catecholamines and those which are 
locally produced by sympathetic efferente, can activate these damaged 
nociceptors and in this way aggravate pain. Blocking sympathetic stimuli 
prevents excess stimulation but can not take away the abnormal sensitiv­
ity. 
In RSD all structures and functions are damaged. In a previous study 33 we 
regrouped signs and symptoms of RSD and found that in the early stage 
signs of inflammation are the most prominent. Toxic oxygen radicals, 
locally produced in an - exaggerated - inflammatory (re)action, can very 
well explain the signs and symptoms found in RSD. Other reports support 
this concept. For instance, RSD is characterized by increased permeability 
for macromolecules 21 and impaired oxygen metabolism 1218. Also accumu­
lation of lipofuscin - a product of lipid peroxidation by toxic oxygen radi­
cals - can be found in longstanding RSD31 and scavengers of oxygen radi­
cals are therapeutically successful1 3 1 5. 
We do not know why RSD-patients react to trauma or surgery with an 
increased production of toxic oxygen radicals. 
• CONCLUSION 
We conclude that EMG is not useful in establishing the diagnosis RSD, 
because the peripheral nerve functions seem to be intact in most patients. 
For RSD patients, EMG can be helpful when accompanying compression 
syndromes are present or nerve injury as a luxating event of RSD is sus­
pected. 
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The results of this study are in accordance with our previous stated opnion 
that RSD has a metabolic pathogenesis. Damage to receptors by toxic oxy­
gen radicals can explain both neurologic signs and symptoms and the 
absence of electromyographic disturbances. 
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ABSTRACT 
Paresis ¡s invariably present in reflex sympathetic dystrophy (RSD), and it may 
progress to paralysis. We call this pseudoparalysis, because it can not be attributed 
to nerve damage and because discrete muscle contractions can regularly be felt. 14 
patients with pseudoparalysis were investigated. Concentric needle electrode elec-
tromyography and nerve conduction study showed minor disturbances in 4 
patients but could not explain the clinical symptoms. Also, single fiber EMG was 
within the normal range, except in 1 patient in which stimulated jitter was 
increased with frequent blocking. In contrast, after electrical stimulation a clinically 
normal contraction of the "paralysed" muscles was seen and electie response at 
skin level was within normal range. We conclude that pseudoparalysis in RSD can 
not be attributed to dysfunction of the peripheral motor neuron or the neuromus-
cular junction. 
• INTRODUCTION 
Though early descriptions of reflex sympathetic dystrophy (RSD) date 
f rom more than a century ago \ still many aspects of this disease are not 
understood. Complaints usually start after injury or surgery, but other pre-
cipitating events may occur. Somet imes no causal factor can be identif ied. 
Location and severity of signs and symptoms can not be related to the 
injury or surgery. RSD is characterized by regional pain, edema, changes in 
skin color and temperature, loss of funct ion and increase of these signs 
and symptoms after exercise. Al l funct ions - sensory, motor, sympathetic, 
hemodynamic - may be affected or even lost2 . 
Paresis is one of the most frequent f indings in RSD 2. Patients complain of 
weakness of the affected l imb; objects may drop out of their hand, walking 
- or even lifting the foot - is impaired, and exercise is often stopped 
because complaints increase or because of easy fatiguabil i ty. In extreme 
cases, paresis progresses until the patient is unable to move actively at all. 
This "paralysis" is not present f rom the start but is the result of progress-
ing paresis; it can not be attributed to nerve injury. Moreover the paresis is 
not restricted to the innervation area of the injured nerve. The pathogene-
sis of this phenomenon is unknown. 
This study concerns 14 RSD patients wi th paralysis in which nerve conduc-
tion studies and electromyography wi th concentric needle electrodes 
showed no pathologic f indings. Because the pattern of sensory disorders 
in RSD is the same as in a regional polyneuropathy2 , we hypothesized that 
paralysis may be due to distal axon atrophy. In toxic neuropathies wi th dis-
tal axonatrophy, increased jitter and pulse blocking can be found 34. So we 
also examined these patients wi th single fiber electromyography. 
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• PATIENTS AND METHODS 
For diagnosis of RSD the following criteria were used. 
1. 4 or 5 of: 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2. Occurrence or increase of above signs and symptoms after use 
3. Above signs and symptoms present in an area much larger than the 
area of primary injury or operation and including the area distal to 
the primary injury 
These diagnostic criteria approximate those, utilized in other studies con-
cerning RSD and are discussed in a previous study2. 
14 patients who were unable, even after encouragement by the investiga-
tor, to contract the muscles actively, were investigated. Nerve conduction, 
needle electrode and a single fiber EMG investigation was performed in all 
patients. At first, we tentavely performed single fiber EMG during volun-
tary contraction (case 1 ). But, as this patient could not perform a sustained 
regular muscular contraction and because pain increased when contrac-
tion was attempted, this method failed. Later, we performed single fiber 
EMG after stimulation with a needle electrode as described by Trontelj et al 
5
. Jitter, blocking and in one patient fiber density, were measured. Results 
were related to reference values 6. 
• RESULTS 
The study population (14 patients) consisted of 11 female and 3 male 
patients. Age varied from 11 to 54 years (median 37 years). All patients suf-
fered from severe RSD of a lower extremity, lasting 1 month to 10 years 
(median 9 months) (table 8.1). In 2 patients RSD developed without any 
precipitating event; the others developed RSD after trauma or surgery. 
All patients told us they were unable to move, rather than unwilling. All 
patients explicitly stated that, although their limb was painful, this was not 
the reason of their inability to make active movements. During examina-
tion discrete muscular contractions could regularly be felt in the affected 
extremity. 
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Table 8.1 Patient characteristics 
case 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
age 
25 
19 
37 
19 
49 
54 
46 
46 
39 
38 
12 
11 
47 
24 
sex 
? 
9 
$ 
9 
9 
? 
î 
¡f 
9 
9 
? 
9 
9 
9 
limb 
right leg 
right leg 
right leg 
left leg 
left leg 
right leg 
right leg 
right leg 
left leg 
left leg 
right leg 
right leg 
right leg 
left leg 
precipitating event 
spontaneous 
sprained ankle 
spontaneous 
minor contusion 
fall with back on border leg 
vascular surgery, peroneal nerve injury 
sprained ankle 
sprained ankle 
excision neuroma 
sprained ankle 
sprained ankle 
sprained foot 
hernia nuclei pulposus surgery 
dislocation patella 
interval onset 
RSD and EMG 
2 years 
3.5 years 
2.5 years 
1 year 
8 months 
7 months 
2.5 years 
2 years 
1 year 
10 years 
1 month 
6 weeks 
9 months 
8 weeks 
Nerve conduction 
In 13 patients, no disturbances were found in motor nerve conduction 
velocity, distal motor latency, compound motor action potential amplitude 
(CMAP), sensory nerve action potential amplitude, sensory nerve conduc-
tion velocity, Η-reflex latency and -amplitude. In one patient (case 6), RSD 
developed after peroneal nerve injury during surgery. As a consequence, 
conduction of the peroneal nerve was severely impaired but this could not 
explain the paralysis of the gastrocnemius muscle. In this case nerve con­
duction of the tibial and sural nerve were not impaired. 
In 10 patients, the peripheral nerve innervating the paretic muscles was 
stimulated. At visual inspection there was no difference between limb 
movements on the paretic side compared to the normal side. This observa­
tion was however not further quantified. Moreover, the CMAP was of nor­
mal amplitude compared to the contralateral healthy extremity. Stimula­
tion was impossible in case 6 due to edema. 
EMG with concentric needle electrode 
Slight denervation - fibrillation potentials and positive sharp waves - were 
found in case 10 and 14, but these were localized in "non-paralyzed" mus­
cles. In case 9 there was an impossibility to relax completely. Insertional 
activity was increased in several muscles and slight denervation could not 
be ruled out. 
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Visual assessment showed motor unit potentials of normal duration and 
amplitude without pathologic polyphasia. In all patients, quantified motor 
unit analysis was impossible because the patients were unable to produce 
a moderate sustained contraction. At maximum voluntary effort, a single 
unit pattern, or at most a mixed pattern, was found. Sometimes irregular 
grouped discharges of normal motor units were seen. 
Single fiber EMG 
In 2 patients single fiber EMG investigation was impossible because of 
severe edema (case 6) or tremor (case 14); in case 8 interpretation was 
impossible because of technical problems. Thus, results were évaluable in 
11 patients. Results were normal (according to Trontelj 1992 and Gilchrist 
1992 56) in all patients except in case 10 (see case report). Jitter, expressed 
as Mean Consecutive Difference (MCD), was 45 msec or less and blocking 
of neuromuscular transmission was not seen. Fiber density was measured 
in 2 patients and was within the normal range. All patients experienced the 
investigation as very unpleasant. 20 measurements (case 2) turned out to 
be too painful. In most patients we could obtain 10 jitter measurements but 
in case 4 and 7 we had to stop after 7 and 1 measurement respectively, 
because of the elicited pain. 
Case 10: unexplained disturbed single fiber EMG 
A 30 year old female sprained the left ankle while playing hockey. She 
soon developed a serious RSD, including hyperpathy, hypesthesy and 
pseudoparalysis. The foot was kept in equino-varus position. Active dorsal 
flexion was impossible. Η-reflex and nerve conduction of the peroneal 
nerve were not impaired. Needle electrode investigation of the anterior tib­
ial muscle showed continuous activity of muscle fibers in rest, which 
increased only slightly when voluntary movement was attempted. Stimu­
lated single fiber EMG demonstrated increased jitter (7 to 369 msec, mean 
143 msec) and often blocking. We could not explain these findings. Later 
she developed a RSD of both upper extremities with dystonia of the flexor 
muscles in one arm, and since 1991 also in shoulder and neck muscles. 
• DISCUSSION 
The pathogenesis of RSD is not yet understood. Most physicians relate the 
syndrome to dysfunction of the sympathetic nervous system. Some have 
suggested that psychogenic factors may be important in RSD. However, 
psychologic disturbances have never been proven 7 and psychometric 
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Table 8.2 Results of single fiber electromyography 
case 
1 
2 
3 
4 
5 
7 
9 
10 
11 
12 
13 
muscle 
anterior tibial muscle 
vastus medialis 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
anterior tibial muscle 
stimuli 
(n) 
_ 
20 
10 
7* 
10 
1 * 
10 
10 
10 
10 
10 
mean med 
(msec) 
30 
19 
31 
22 
17 
45 
11 
143 
21 
20 
23 
fiber 
density 
1 3 
1 1 
blocking 
-
-
-
-
-
-
-
often 
-
-
-
investigation terminated because of pain 
analysis of 165 patients in our hospital demonstrated no disturbances8. In 
RSD all structures and functions of the affected extremity may be involved, 
while the acute phase is characterized by all signs and symptoms of a 
regional inflammatory reaction 2 9 1 0. 
Characteristically, complaints in RSD occur or are exacerbated by exer­
cise 2. In a substantial number of patients, symptoms at rest are few, while 
muscular activity of the affected extremity induces all signs and symptoms 
of RSD. Oxygen metabolism in RSD is disturbed, characterized by impaired 
oxygen extraction, even if blood flow is decreased 9.31P-NMR-spec-
troscopy showed an impairment of high energy phosphate metabolism ", 
and histopathology showed signs of oxidative stress 12, which explains 
why these patients are unable, rather than unwilling to exercise. These fea­
tures make a psychogenic origin highly questionable. 
Paresis and incoordination in RSD may progress until the patient is unable 
to move actively at all. This entity has been reported before by Babinsky 
and Froment13. The prevalence of this peculiar phenomenon in RSD is 
unknown. We call this pseudoparalysis, because during careful examina­
tion, discrete muscular contractions can regularly be felt and because -
clinically - normal contractions are induced in the "paralysed" muscles 
upon stimulation of the innervating nerve. With electromyography, slight 
disturbances were found in some cases as to Η-reflexes, nerve conduction 
and muscle potentials at rest. However these findings were of insufficient 
severity to explain the clinical paralysis. Normal EMG findings in RSD are 
in accordance with previous studies 1415 and with our own observations (to 
be published). Therefore we conclude that pseudoparalysis in RSD can not 
be attributed to dysfunction of the motor neuron. 
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Results of Single fiber EMG in patients suffering from RSD have not been 
reported before. Variation in time (jitter) between stimulus and response of 
the muscle fibers after repetitive stimulation is a measure of the function of 
the nerve fiber terminal, neuromuscular transmission and muscle fiber 
membrane. Our measurements were within the normal range. Thus we 
found no evidence of a disturbance in the neuromuscular transmission in 
RSD with pseudoparalysis 
However it should be pointed out that classic EMG and single fiber EMG 
are sensitive investigations for detecting dysfunction of large diameter 
motor nerve fibers and neuromuscular transmission but often fail to detect 
interstitial pathologic abnormalities 16. 
So far, we have no explanation for the occurrence of pseudoparalysis in RSD. 
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ABSTRACT 
Many aspects of bilateral presentation or recurrence of reflex sympathetic dystro­
phy (RSD) are unknown. 
Method: For this reason 1183 consecutive patients with RSD were analyzed. 
Results: In 10 patients RSD started in symmetrical limbs. In 34 patients RSD 
recurred in the same limb after a period of no or few complaints and in 76 patients 
RSD recurred in one or more limbs other than the first limb. Compared to 1065 
patients with RSD without these features, these patients were younger of age (p = 
0.00003) and RSD started more frequently with a cold skin temperature (p = 0.02). 
Patients did not differ in gender or primary localization of RSD. Involvement of a 
second limb concerned in 47% the symmetrical limb. Recurrences were in 53% of 
spontaneous origin and often characterized by few signs and symptoms. The inci­
dence of a recurrence was 1.8% per patient/year. No measures are known to pre­
vent recurrence. 
Conclusion: Reflex sympathetic dystrophy may recur in the same or in another 
limb, though only in a minority of patients. Recurrences occur especially in 
younger patients and in the symmetrical limb. Diagnosis of a recurrence is difficult, 
for often the recurrence occurs spontaneously and presents with few signs and 
symptoms. 
• INTRODUCTION 
Reflex sympathetic dystrophy (RSD) is an abnormal reaction of the body to 
trauma and one of the most frequent complicat ions after surgery to 
extremities. RSD is characterized by pain, edema, vasomotor changes, loss 
of function and increase of these signs and s y m p t o m s after exercise. Sev­
eral other signs and symptoms, such as neurologic disturbances, Hyper­
hidrosis and atrophy may also occur 2 Э . The signs and symptoms are local­
ized in the periphery of a l imb. In the upper l imb there may be concomitant 
complaints of the shoulder, known as the shoulder-hand syndrome 2i2a. 
Some authors report patients wi th RSD localized around a knee 18, hip \ in 
the thoracic w a l l 1 0 or in the face 27, though these presentations are rare. 
Recurrence of RSD after a period of no or few complaints or localization in 
more than one l imb has been reported in French literature concerning 
algodystrophy 1 7 9 20 23, though their diagnostic criteria are different f r o m 
what is called reflex sympathetic dystrophy in Anglo-Saxon literature. In 
English literature, these features have been the subject of a few case 
reports or - when presented in series of patients - as a matter of secondary 
importance. Still many patients ask us, when they are discharged f r o m fur­
ther therapy - cured or not cured - "Can it recur ?". 
Both aspects - localization of RSD in mult iple l imbs and recurrence of RSD 
in the same or another l imb - are the subject of this report. 
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• PATIENTS AND METHODS 
In november 1984 an outpatient clinic for RSD patients was instituted by 
the department of surgery of the University Hospital Nijmegen. Since then, 
we have seen approximately 1500 patients - mostly referred from other 
departments or hospitals - with a presumed or suspected diagnosis of 
RSD. 
RSD has not been clearly defined in literature. The criteria for diagnosis 
are: 
1. 4 or 5 of following symptoms: 
- unexplained diffuse pain 
- difference in skin color in relation to the healthy symmetrical limb 
- diffuse edema 
- abnormal skin temperature in relation to the healthy symmetrical 
limb 
- limited active range of motion 
2. Above signs and symptoms increase after using the affected limb 
3. Above signs and symptoms are present in an area much larger than 
the area of primary injury or operation and including the area distally 
of the primary injury 
These selection criteria approximate those, utilized in other studies con­
cerning RSD 2 6 1 5 1 Э and are discussed in a previous report2 9. 
Special attention was paid to signs and symptoms, localization and etiol­
ogy of RSD. If no luxating events, even minor trauma, could be remem­
bered by the patients, the RSD was considered to be spontaneous in ori­
gin. Skin temperature at onset of RSD was called primary temperature. 
Statistical analysis was performed by the Chi-square-test and the Kruskal-
Wallistest. 
• RESULTS 
During the study period (november 1984 to april 1994) 1183 patients fitted 
into the above criteria for RSD. 1065 patients were seen with a single 
episode of RSD in one limb (further called single RSD). In 118 patients 
(10%), history or follow-up revealed presentation of RSD in two limbs or a 
recurrence of RSD in the same or another limb (further called multiple 
RSD) (table 9.1). 
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Table 9.1 Patients with bilateral presentation or recurrence of RSD (multiple RSD). 
Numbers of patients and interval between first and last appearance of RSD. 
Two patients are counted twice. They developed a recurrence in the same 
limb after a period of no complaints, and later they developed a recurrence in 
another limb. 
interval 
bilateral presentation 
recurrence in same limb 
2 limbs 
3 limbs 
4 limbs 
10 
34 
64 
8 
4 
-
3 months - 20 years 
2 weeks - 15 years 
10 months - 9 years 
2.5 years - 14 years 
The group with single RSD consisted of 267 male (25%) and 798 female 
(75%) patients (table 9.2). Age varied from 4 to 84 years (median 41 years). 
RSD was localized in the upper limb in 635 patients (60%), and in 430 
patients (40%) in the lower limb. In 105 patients (10%) RSD was of sponta­
neous origin (table 9.3). 
The group of 118 patients with multiple RSD consisted of 23 male (20%) 
and 95 female (80%) patients (table 9.2). Age - at time of onset of RSD - var­
ied from 9 to 71 years (median 35 years). The first localization of RSD was 
in the upper limb in 58 patients (49%) and in the lower limb in 60 patients 
(51%). In 72 of all 136 recurrences (53%), the recurrence or the affection of 
another limb developed spontaneously (table 9.3). 
Comparing the patients with single versus multiple RSD, no difference was 
found as to gender or the first localization of RSD (table 9.2). Patients with 
multiple RSD were younger of age (Kruskal-Wallis: ρ = 0.00003). 
Table 9.2 Differences between patients with RSD in one limb (single RSD) versus 
patients with bilateral or recurrent RSD (multiple RSD). 
single RSD multiple RSD 
η 
gender: ¿. ? 
age: median (range) 
primary cold * 
primary site upper limb 
1065 
1:3 
41 (4-84) years 
38% 
60% 
118 
1-411 
35(9-71 
52% 
49% 
* patients with multiple RSD were younger of age (p = 0.00003) 
* skin temperature of the affected limb at time of onset of RSD. More often cold in multiple 
RSD (p = 0.02) 
U differences between single and multiple RSD not significant 
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940 of the RSD patients, could remember which difference in skin tempera-
ture existed between the diseased and the healthy symmetrical limb at the 
time complaints started (warm, cold or same temperature: primary tem-
perature). In the multiple group, 49 out of 94 patients (52%) told us the skin 
temperature was colder, in contrast to 317 out of 846 (38%) in the single 
group (p = 0.02; Chi-square, Yates corrected). 
In 10 patients, RSD started simultaneously in 2 limbs; these were always 
symmetrical limbs. In 5 of these patients RSD developed after bilateral 
trauma, in 2 after bilaterally performed surgery and in 3 patients RSD 
occurred spontaneously in both limbs. In 34 patients, RSD recurred in the 
same limb after a period of no or few complaints. Time between first and 
second appearance varied from 3 months to 20 years (median 2.7 years). 
Patients with a recurrence occurring in the same limb did not differ from 
patients with a recurrence in another limb, as to gender, etiology of pri-
mary RSD, primary temperature or affected extremity, but patients with a 
recurrence in the same limb were younger of age (Kruskal-Wallis: p=0.01). 
In 64 patients RSD recurred in a second limb. When RSD recurred in a sec-
ond limb this concerned the symmetrical limb in 30 of 64 patients (47%); in 
34 patients (53%) primary RSD and recurrence concerned one upper and 
one lower limb; 18 times at the same side (hémiplégie distribution), 16 
times at opposite sides. 8 patients suffered from RSD in three limbs. 
Because of intractable pain and total incapacitation, one of these patients 
committed suicide. 4 patients suffered from RSD in all 4 limbs. 
In 2 of these patients, RSD recurred in the first limb after a period of no or 
few complaints while some time later they developed RSD in a second 
limb. 
In most cases recurrences started with diffuse pain in the limb without any 
obvious signs or symptoms. Later, and sometimes only after muscular 
exercise, typical signs and symptoms occurred which enabled us to make 
the diagnosis RSD. For this reason recurrences were often diagnosed with 
some delay. 
Table 9.3 Etiology of RSD 
single RSD 
t rauma 711 67% 
surgery 195 18% 
spontaneous 105 10% 
others 54 5% 
first 
mul t ip le RSD 
recurrence 
66 56% 
23 20% 
19 16% 
10 8% 
44 32% 
16 12% 
72 53% 
4 3% 
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Recurrences were seen in 10% of our patients When the time period of 
analysis is taken into account -110 days to 24 8 years, median 5 1 years -, 
the incidence of a recurrence per patient/year at risk was 1 8% 
• DISCUSSION 
Recurrence in the same limb 
Recurrences of RSD in the same limb have been reported by Evans8 He 
mentioned exacerbations of RSD after surgery or infection but did not pre 
sent any details concerning the development of the syndrome In French 
literature several studies report recurrences As mentioned before, we 
must make some reservations because diagnostic criteria are not the same 
in French and Anglo-Saxon countries Acquaviva et a l 1 reported 32 
patients with a recurrence of RSD in their presentation of 765 patients (4%) 
and Gougeon et a l 9 reported 41 recurrences in 573 patients (7%), both 
studies did not report the duration of follow-up 
Bilateral RSD 
Bilateral presentation of RSD has been reported before Livingstone 17 
reported "mirror images" in 35 patients with bilateral RSD, as the affection 
was always located in symmetrical areas of symmetrical extremities Other 
studies on bilateral RSD found no such mirror images 1114192125 in the pre-
sent series, no mirror images were seen but bilateral presentation was 
found in 10 patients and recurrences concerned the symmetrical limb in 
47% of cases 
Complaints in the symmetrical limb without clinical signs and symptoms 
of RSD have been reported before Kozin et al14 reported 11 patients with a 
shoulder-hand syndrome One of their patients showed clinical signs and 
symptoms of RSD in both arms and another patient in one arm and one 
leg In 8 patients they found an increased number of painful joints in the 
symmetrical limb without other signs and symptoms of RSD Kurvers et 
al16 reported increased red blood cell velocity (RBCV) in patients with 
warm RSD 74% of these patients showed increased RBCV in the symmet-
rical limb without signs and symptoms of RSD In cold RSD they found 
decreased RBCV, and in 30% of these patients RBCV in the symmetrical 
limb was decreased without signs and symptoms of RSD Such measure-
ments in other than the symmetrical limbs have - by our knowledge - not 
been performed 
Bhatia et a l 5 reported spreading to other limbs in 7 of 18 patients with both 
RSD and dystonia Secondary involvement concerned the symmetrical 
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limb ¡η 3 and the homolateral limb in 4 patients. Localization of RSD in 3 or 
even 4 extremities is extremely rare and known from case reports only 3 4 2 2. 
In 53% of our patients, no luxating factor could be related to the recurrence 
of RSD. Acquaviva et a l 1 reported 32 recurrences in 765 patients with RSD, 
without a luxating factor in more than 50% of the patients. Gougeon et a l 9 
also reported a high incidence of spontaneous origin in recurrences but 
did not present details. The high frequency of spontaneous recurrence of 
RSD, and the onset of recurrent RSD at a younger age, suggests that these 
patients are predisposed for developing RSD. 
No other reports on the incidence of recurrent RSD in the same or another 
limb could be found. The incidence of RSD is estimated at 5-15% after all 
injuries 26. Once a patient has developed RSD, the incidence of recurrence 
of RSD is 1,8% per year. In this study 10% of the patients developed a 
recurrence of RSD and in the future more patients will probably develop 
another episode of RSD. From this study we conclude that young patients 
in which RSD started with a cold skin temperature, have the highest 
chances for developing a recurrence. 
Preventive measures for recurrences of RSD are unknown. Many physi­
cians expect trauma or surgery will reactivate the syndrome, though this 
hypothesis has never been proven in a prospective study. As the incidence 
of recurrence is low and as more than 50% of the recurrences of RSD are of 
spontaneous origin, we do not advise our patients to take any special mea­
sures for preventing trauma. 
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ABSTRACT 
Objective: Although prognosis of patients suffering from reflex sympathetic dystro­
phy (RSD) is unknown, it is certain that many patients develop chronic complaints 
and/or late complications. We present our experiences with a series of patients in 
which severe complications occurred. 
Method: retrospective analysis 
Results: Chronic edema may progress when compression therapy is not tolerated 
because of hyperpathy. Extreme edema may mimic elephantiasis. 13 patients with 
chronic edema developed new complications such as infection or trophic ulcers. 18 
patients developed trophic ulcers spontaneously or after minor injury. 10 patients 
developed cellulitis due to streptococci, especially in extremities with chronic 
edema. In these cases amputation was often necessary. In five patients with 
chronic wounds complicated by RSD, an anaerobic infection occurred. Improve­
ment of oxygen utilization by way of mannitol intravenously or transplantation of 
free revascularized myocutaneous flaps cured the condition. Spontaneous 
hematoma's, occurring only in the affected extremity, were seen in 32 patients and 
could not be related to automutilation. Severe contractures were seen in 18 
patients. They seldomly needed specific treatment because coexistent complaints 
prevented normal function of the affected extremity. In severe dystonia an orthesis 
was provided. 
• INTRODUCTION 
Despite many reports concerning RSD, several aspects of this disabling 
disease are still unknown. 
Physical therapy combined wi th blockade of the sympathetic nervous sys­
tem in various ways is a widely utilized therapy 1Э. Other therapies, for 
instance corticosteroids 2 or calcitonin 4 have been advocated but no ther­
apy has cured more than 75% of patients in a prospective control led study. 
It is unknown which percentage of patients is cured; prospective studies 
are lacking. Retrospective studies report that only 20-30% of the patients 
fully returned to their w o r k a " . As a consequence, many patients wi th RSD 
have complaints for many years and often, the rest of their lives. 
In rare cases, chronic RSD induces even more severe complicat ions which 
need specific treatment, such as trophic ulcers, relapsing infection, sponta­
neous hematoma's or extreme contractures. As these sequelae have not 
been studied before, we report our experiences. 
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• PATIENTS 
Since we instituted an outpatient clinic for reflex sympathetic dystrophy in 
november 1984, we established the diagnosis RSD in 1137 patients. Crite-
ria for diagnosis were: 
1. 4 or 5 of: 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2. Occurrence or increase of above signs and symptoms after use 
3. Above signs and symptoms present in an area much larger than the 
area of primary injury or operation and including the area distal to 
the primary injury 
Many other signs and symptoms were present in varying frequencies, 
especially sensory and motor disorders 12. Because many patients were 
seen only once for a second opinion or therapeutic advise, we can not 
establish prevalence rates of complications from these data. 
In chronic RSD, persisting complaints often varied in time. In many 
patients spontaneous pain disappeared only to return after muscular exer-
cise. In other patients, hyperpathy and allodynia progressed until the 
patient was unable to stand i.e. the touch of the blankets in bed. Some 
patients became addicted to narcotics for pain relief. In many cases the tis-
sues had been damaged permanently by the process. Atrophy of all tis-
sues occurred and weakness was invariably present312. Contractures 
developed because of fibrosis of capsules, tendons, muscles, fascia or dys-
tonia 3. In severe cases the limb became useless. When present in a lower 
limb, many patients were confined to a wheelchair. Especially these 
severely suffering patients developed new complications (table 10.1). 
Chronic edema, skin lesions and infection 
In chronic RSD, patients often complain of edema, occurring or increasing 
in the afternoon of evening. In severe cases, edema was continuously pre-
sent. When hyperpathy was also present, containing the edema with com-
pressive stockings was not tolerated. Elevation of the affected limb was the 
only alternative. As a consequence, in several patients, the edema pro-
gressed to mimic elephantiasis (figures 10.2 and 10.3) or new complica-
tions occurred, such as trophic ulcers or infection as in 13 of our patients. 
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Figure 10.1. ? 29 year. Chronic epidermolysis with spontaneous ulcers and recurrent cellulitis. 
Cellulitis cured with longacting penicillin. 
Figure 10.2. $ 16 year. Extreme edema and trophic ulcer of the foot. Eventually amputation 
was necessary. 
Table 10.1 Complications occurring in patients with RSD. 
total population η = 1137 
chronic edema complicated by infection or trophic ulcer 13 
trophic ulcers 18 
chronic wound infected with anaerobic bacteria 5 
(recurrent) infection 17 
severe contractures 18 
spontaneous hematomas 32 
dependency impossible 13 
122 Chapter 10 
Figure 10.3 A + В. Ç 20 year. Chronic lymfedema with a trophic ulcer located at the dorsal side 
of the foot. Amputation was necessary. 
The skin became atrophic in many patients with chronic RSD. In 18 cases 
spontaneous ulcers occurred or minor trauma elicited severe ulcers. In 3 of 
these patients, large areas of the skin showed diffuse epidermolysis form-
ing spontaneous ulcers (figure 10.1). In all these patients, ulcers healed 
badly. In 6 patients, the ulcers became infected. Conservative therapy, 
including antibiotics and a resting orthesis, was successful in 8 patients, 
but in 11 patients defects increased or infection progressed requiring 
amputation. We never saw a bullous eruption as reported by Webster u 15. 
In 5 patients with traumatic or surgical wounds complicated by RSD, the 
wounds became infected with anaerobic bacteria. In all 5 patients the 
infection and RSD were localized in a limited area of an extremity with oth-
erwise good functional capacities. Neurologic disturbances were not pre-
sent and the range of motion of the surrounding joints was not impaired. 
These infections are potentially dangerous, because in RSD, oxygen 
extraction and utilization is impaired 671°. In one patient (figure 10.7) who 
suffered from a superficial second degree burn wound, progressive necro-
sis occurred. Repeated necrotomy did not heal the condition. After 2 weeks 
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Figure 10.4 A + B. Ç 18 year. Chronic lymfedema. Her treating physician thought that lidocaine 
spray would relieve hyperpathy. This resulted in trophic superficial ulcers, which later 
infected. 
mannitol administered intravenously5, the condition dramatically 
improved and 4 weeks later the wound was healed. Mannitol improved the 
condition in the other cases but could not cure them. In two of these 
patients, with localized ulcers which were severely infected (figure 10.5), 
transplantation with a free revascularized myocutaneous lap was per-
formed, and healed the condition in both. Because of chronic anaerobic 
infection in the hallux, this toe was amputated in the fourth patient. The 
fifth patient (figure 10.8) left hospital against our advice. 
Ten patients developed cellulitis due to streptococci. In 6 of these patients 
the cellulitis developed in an extremity with chronic severe edema. Peni-
cillin healed this condition in 5 patients and in 3 patients chronic therapy 
with long-acting penicillin was necessary to treat relapsing infection. In 2 
patients amputation was performed because infection progressed, causing 
extensive skin defects in a defunctionalized extremity. 
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Figure 10.5. ç 23 year. Chronic anaerobic infection of the dorsum of the foot. Patient is cured 
after a transplantation with free revascularized myocutaneous (lattisimus dorsi muscle) flap. 
Spontaneous hematomas 
The formation of spontaneous hematomas was seen in 32 patients. These 
hematomas were always present in the affected limb and localized in the 
subcutaneous tissue. Often occurrence of the hematomas gave rise to 
exacerbation of the RSD. A luxating trauma was denied by all patients. 
Many of these patients were suspected of automutilation by there treating 
physicians. As originally we were not familiar with this complication, we 
had the same suspicion. In contrast, we never could establish a psychiatric 
illness in these patients, though several patients underwent a psychiatric 
examination. A coagulation disorder was not suspected, because the 
hematomas occurred in the affected limb only. Probably these hematomas 
occurred due to increased capillary vulnerability. Because RSD may exac-
erbate after invasive procedures, no skin biopsies were taken. 
Contractures 
18 patients were seen with severe contractures. Relief of contractures often 
needed aggressive treatment. In this respect extreme caution is necessary, 
especially when RSD is still active. We have seen many patients treated 
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with mobilization under general anaesthesia. This almost never increased 
mobility permanently, but elicited severe exacerbations of RSD in many. 
When RSD is severe, many patients refrained from using the affected limb 
because complaints will increase. If so, we offered a resting orthesis which 
supported the affected parts and, if necessary, immobilized the joints in a 
neutral or useful position. Unfortunately, pain or hypertony often pre-
vented immobilization in the desired position. Ortheses have been broken 
because of dystonia 19. In such cases a contracture in an inconvenient posi-
tion developed. Mostly, the ankle and foot tended to a position of inversion 
and equinus, while in the upper extremity the most often encountered 
position was with the wrist in flexion. If giving some relief, an orthesis was 
provided which supported the limb in the presenting position. 
When the ankle and foot were fixed in inversion and/or equinus, normal 
walking was impossible. Treatment aimed at gaining a neutral position 
was not always indicated. If the patient was not able to sustain a depen-
dent position of the lower extremity, because of active RSD, no benefit was 
Figure 10.6. $ 37 year. RSD of both hands, most severely in the left hand. Patient tries to open 
both hands. Contracture in flexion of the left hand due to chronic hypertonicity of the flexor 
muscles. Tenotomy of all finger-flexor tendons was performed. 
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Figure 10.7 A + В + С. с? 23 year. RSD developed after a superficial second degree burn wound 
at the palmar side of the hand. No cure, despite 5 times necrotomy. C: Four weeks after intra­
venous infusion with mannitol 10%. 
gained when the ankle was fixed in a neutral position by closed or opera­
tive manipulation. Surgery - arthrodesis or lengthening of the achules ten­
don - was only performed in patients that could sustain prolonged depen­
dency and were able to bear weight on the affected foot. 
Sometimes extreme hypertony caused further complications. In one 
patient (figure 10.6), who suffered from chronic RSD of the upper limb, 
hypertonicity of the long flexor pollicis muscle caused flexion of the thumb 
against the index finger resulting in a pressure ulcer. Tenotomy released 
the thumb from the index finger and the ulcer healed. Gradually further 
hypertonicity of the flexor muscles of the fore-arm caused a closing of the 
hand. As daily hygiene became impossible, resulting in a socially unac­
ceptable smell, tenotomy of the flexor tendons was performed to open the 
hand. Later a tenotomy of all lumbrical and interosseal tendons was neces­
sary, because of a recurrence. Still the range of motion is severely limited 
because of fibrosis of the fascia and capsules, but now she is able to per­
form sufficient hand hygiene. 
128 Chapter 10 
Figure 10.8
 ( 40 year. RSD after chronic wound at the dorsal side of the foot, infected with 
эпаегоЫс bacteria. Patient left hospital against advice. 
Dependency 
An increase of complaints often occurred when the extremity with RSD was 
held in a dependent position. Elevating the upper limb with help of a mitella, 
a collar'n cuff, or in RSD of the lower limb with a horizontal support in a 
wheelchair gave relief or prevented increase of complaints. In 13 patients 
with RSD localized in the lower limb, a dependent position was nottolerated. 
They all suffered from longstanding and severe RSD. Bearing weight on the 
foot was not possible. All of these patients also suffered from severe hyper-
pathy. Amputation was performed in 5 cases - in 4 because of coexistent 
infection or severe ulcers-which increased their residua I function. 
• CONCLUSION 
Several complications may occur in patients suffering from RSD. Edema 
may progress especially when hyperpathy is present. Chronic ulcers may 
occur and become infected, especially with anaerobic bacteria. Also spon­
taneous hematomas and contractures due to fibrosis or dystonia may be 
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seen. Severe complaints in a dependent position of the affected extremity 
may necessitate permanent elevation of the extremity. 
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ABSTRACT 
Reflex sympathetic dystrophy (RSD) is a syndrome occurring after trauma or 
surgery. Many neurologic disturbances may develop, especially sensory disorders 
and paresis. Disorders of movement are frequently seen. One of the most distress-
ing forms is a focal dystonia localized in the affected extremity. The clinical presen-
tation seems the same as in trauma induced dystonia. Pathogenesis is unknown 
and successful therapies have not been reported so far. We describe two patients 
suffering from RSD and focal dystonia. Many therapeutic modalities were tried, 
including local injections with Botulinum Toxin A but no therapies were successful. 
We suggest the possibility that the muscle spasms in RSD are caused by a primary 
disorder of muscle rather than central nervous system dysfunction. 
• INTRODUCTION 
Reflex sympathetic dystrophy (RSD) is a syndrome occurring after a 
trauma or surgery. The distal part of a l imb becomes wa rm, red, swol len 
and painful w i th decreased active range of mot ion. These signs and symp-
toms are luxated or increased by exercise. Many other signs and symp-
toms may be present, especially neurologic disorders of both sensory and 
motor origin 1. Sensory disorders can be found in all modalit ies and are 
characterized by increased pain sensation and decreased sensibil ity for 
tactile- and thermal st imul i , and decreased propriocepsis. Paresis is invari-
ably present and can progress to paralysis ("pseudoparalysis"). Beside 
this paresis, involuntary movements or abnormal postures are present in 
approximately 50% of the patients 12. They range f rom incoordinated 
movements to jerks, tremors, myoclonus and painful muscle spasm caus-
ing dystonic postures 3 4 5 6 7 . 
Dystonia is probably one of the most distressing disorders in these 
patients. According to the Dystonia Medical Research Foundation it is 
defined as "a syndrome of sustained muscle contractions, frequently caus-
ing twist ing and repetitive movements or abnormal postures" 8. In RSD, 
patients develop painful severe distorted fixed dystonic postures of the 
affected l i m b 5 7 . 
Dystonia in RSD patients is a serious problem, for which - so far - little ther-
apeutic success has been reported. Localized injection of botu l inum toxin 
A has been shown to alleviate focal dystonia due to other causes than 
RSD 9 and spasticity 10 " . We present 2 patients in w h o m many therapeutic 
modalit ies were given, including Botul inum toxin. 
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• PATIENTS 
case A 
In may 1990, an 18 year old female suffered from a distorsion of the right 
knee and ankle after a fall from the stairs. Treatment was started with 
immobilization in plaster of Paris. The pain increased in severity and was 
not relieved by loosening the plaster. 9 days later - two days after remov­
ing the plaster - the limb was cold with a bluish-red discoloration of the 
skin. On walking, the patient experienced a cramping pain. Two weeks 
after trauma, muscle cramps developed, at first located in the calf only. 
These cramps occurred spontaneously and later on only when an orthesis 
was removed. In december 1990 she was admitted to the University Hospi­
tal Nijmegen. We saw a patient with severe cold RSD with hypesthesy, 
hyperpathy, paresis, action myoclonus and atrophy of the calf and quadri­
ceps muscles. She told us she lost control over the leg. Cramps increased 
in severity and frequency, and occurred up to 20 times daily. In august 
1991 complaints further increased. Attacks of painful muscle cramps 
occurred 7 to 8 times daily lasting several minutes to 2 hours. During 
attacks, the leg showed a fixed posture consisting of adduction of the 
upper leg and flexion of the knee. Attacks could be provoked by touching 
the foot or calf. At first, relief of dystonic cramps was possible only when 
heavy pressure was exerted to abduct the upper leg and extend the knee. 
Later she managed to control attacks herself. 
Electromyographic examination demonstrated normal muscle potentials, 
conduction velocities and Η-reflexes. EMG showed slightly irregular 12 Hz 
bursts, mainly in the adductor magnus, biceps femoris and gastrocnemius 
muscles. During maximal muscle cramps, continuous muscle activity was 
seen in these muscles with 12 Hz burstlike fluctuations in amplitude. When 
cramps emerged, the earliest signs of spontaneous muscle activity 
appeared in the adductor magnus muscle. 
Many therapies were tried. Mannitol intravenously, calcitonin and sympa­
thetic blockades resulted in little improvement of the RSD. After physical 
therapy, pain and oedema increased. Hydrochine (lnhibinR) slightly 
decreased the frequency of muscle cramps, but could not decrease their 
intensity. Baclofen orally and intrathecal^, magnesiumsulfate, myofeed-
back and acupuncture did not produce any benefit. According to the proto­
col developed by Snow 10, who used Botox" for treating adductor spasticity 
in the leg, we injected a total dose of 500 U Dysport" (Clostridium botu­
linum type A toxin) which was given in 2 divided portions of 250 U in the 
adductor magnus muscle (the ratio of BotoxR to Dysport" is about 100 U : 
300 U, personal communication Porton Products Ltd, UK). The site of injec-
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Figure 11.1 Case B. Relief of dystonia was accomplished in a resting orthesis which immobi­
lized the wrist and hand in flexion. 
tion was the standard location used for EMG 12. After injection no improve­
ment was seen. 
case В 
A 30 year old female sprained the left ankle during hockey in september 
1980. She soon developed a serious cold RSD in the left lower leg accom­
panied by hyperpathy and progressive paresis. In 1981 she developed a 
painful fixed dystonic posture of the left foot. In 1985 dystonia sponta­
neously spread to the upper extremities. The skin became cold with 
oedema and a decreased range of motion in the elbow. There was incoor­
dination of active movement and postural tremor. The diagnosis RSD was 
established. Gradually the dystonia increased and she lost all functions in 
the right arm, while the functions of the left arm were severely impaired. 
Bilaterally the wrist became fixed in maximal flexion with flexion of the fin­
gers. The fixed dystonia was painful and cramps occurred after move­
ments were made with the hands. Immobilization in a resting orthesis 
gave some relief. Sensibility to touch, position and pain was impaired in a 
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glovelike area. In 1991, the muscles of the neck and shoulder, especially 
the trapezius muscle, also became hypertonic. 
Many diagnostic investigations were performed. Liquor biochemical and 
cellular analysis, EMG, SSEP, X-ray of the wrist and MRI of the spine and 
cerebrum demonstrated no disturbances. Electromyography revealed nor­
mal action potentials in the muscles of the upper extremities. Despite the 
fixed flexed posture of wrist and fingers, the patient could relax all flexor 
muscles except the flexor carpi radialis in which continuous muscle activ­
ity remained present. Various therapeutic modalities were tried. Baclofen, 
epidural bupivacaine, biofeedback, physical therapy and acupuncture did 
not relieve the dystonia. According to the protocol of Friedrich " who used 
Dysport" for treating flexor spasticity in the arm, 2 χ 160 U were injected in 
the right flexor carpi radialis and 2 χ 90 U in the right flexor digitorum 
superficialis (method: see patient A) but no improvement was seen. 
• DISCUSSION 
Originally, RSD - as the name suggests - was related to a dysfunction of the 
sympathetic nervous system but direct proof of this role has never been 
reported while this role in pathogenesis has been questioned widely 1314. 
The clinical syndrome fits best in a concept of an abnormal - inflammatory 
- reaction to trauma 1. The pathophysiology of dystonia in RSD is unknown. 
The same abnormal movements and postures may occur after peripheral 
trauma without RSD 4 1 5 1 6 and even may develop spontaneously 7. No con­
sistent abnormalities in the peripheral nervous system have been found. 
Most authors consider the site of origin to reside in the central nervous 
system 4 7. 
Many types of treatment have been tried to relieve the pain and the dys-
tonic spasms but no sustained relief has yet been obtained. Drug therapy, 
including benzodiazepines, baclofen, carbamazepine, magnesiumsulfate 
or epidural anesthetics, sympathetic blocks or acupuncture, never relieved 
the dystonia. Immobilization in a plaster cast or a resting orthesis may give 
relief. However the dystonia may be strong enough to break the orthesis 2 7 
or severe pain may restrain attempts to achieve a neutral position, leaving 
only the option of immobilization in a non-optimal position (figure 11.1). 
Botulinum toxin A is a neurotoxin which, when injected directly into mus­
cle, produces a paralysis resulting from a blockade of neurotransmission at 
the motor end-plates. In the above cases with RSD and dystonia, botu­
linum toxin A was injected into "trigger muscles" and failed to reduce pain 
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and spasms, even in the trigger muscle itself, during 2 weeks of clinical 
observation. An explanation would be that the dose of botulinum toxin A 
was too low to guarantee a sufficient blockade of the abnormal neuronal 
drive on these muscles or that the toxin was not injected at the motor end-
plate region, which is paramount for producing effective paralysis 17. In 
RSD, the botulinum toxin induced paresis can not be evaluated because 
RSD itself causes paresis or even pseudoparalysis n Similar methods and 
equivalent doses, however, were beneficial in patients with spasticity 1 0 ". 
Another explanation would be that the muscle cramps in RSD are caused 
by a postsynaptic disorder of the muscle itself. This hypothesis is sup­
ported by the studies of Heerschap et al 18 and Tilman et a l 1 9 who reported 
metabolic and ultrastructural changes in the muscles in RSD. 
Although we cannot derive definitive conclusions from our patients as our 
results suggest that a dose of 380-500 U Dysport" is insufficient to relieve 
severe muscle spasms as present in RSD. 
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ABSTRACT 
Surgery in extremities suffering from reflex sympathetic dystrophy (RSD) is gener-
ally avoided because it is presumed that RSD will recur or worsen. In order to study 
this problem we analyzed our patients. The affected limb of 47 patients suffering 
from RSD was operated on for various reasons. If possible, the operation was post-
poned until signs and symptoms of RSD in rest decreased and perfusion of the 
affected limb was optimized; tourniquet hemostasis was avoided; and periopera-
tive intravenous infusion of mannitol was administered. Recurrence of RSD was 
seen in 6 patients (13%). This recurrence was mild and temporary in 5 patients, but 
serious and permanent in 1 patient. Surgery on limbs suffering from RSD is not as 
dangerous as widely believed, but one should be aware of the risk of recurrence of 
RSD when surgery is being considered. 
• INTRODUCTION 
Many aspects of reflex sympathetic dystrophy (RSD) are still unknown. 
Complaints usually start after injury or surgery, but it is possible for other 
precipitating events to occur and sometimes nothing at all happens. The 
signs and symptoms are not necessarily related to the injury or surgery. 
RSD is characterized by regional pain, edema, changes in skin color and 
temperature, loss of function and an increase in these signs and symptoms 
after exercise. Other signs and symptoms, such as neurological distur-
bances, hyperhidrosis and atrophy of all tissues may also occur18 . These 
signs and symptoms are localized in the periphery of an extremity. As its 
name suggests, the sympathetic nervous system is thought to cause the 
syndrome, but this hypothesis has never been proven 216. Recent studies 
suggest that RSD is caused by an exaggerated inf lammatory reaction 615. In 
general, physical therapy combined wi th blockade of the sympathetic ner-
vous system in various ways is the therapy of choice 2. Other therapies, 
e.g., corticosteroids or calcitonin, have been advocated, but no therapy has 
cured more than 75% of patients in a prospective control led study. As a 
consequence, many patients wi th RSD may have complaints for many 
years or perhaps the rest of their lives. 
Besides RSD, there may be other pathological disturbances present in the 
affected extremity, such as neurovascular compression syndromes, tr igger 
fingers or a neuroma 18. These may act as tr iggers that maintain RSD and 
often need specific treatment. Surgery may be indicated, but surgeons 
often refrain f rom performing surgery on extremities wi th RSD because of 
possible recurrence or exacerbation of the RSD. However, the incidence of 
recurrence after operation and the results of operations on extremities suf-
fering f rom RSD are unknown. Therefore, we studied our patients who 
were subjected to surgery on an extremity wi th RSD. 
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• PATIENTS AND METHODS 
RSD has not been clearly defined in the literature. The criteria we use for 
diagnosis are summarized in table 12.1. At least four of the five following 
signs and symptoms should be present: unexplained diffuse pain in the 
extremity, definite discoloration of the skin (abnormal redness, pallor or 
cyanosis), diffuse edema, abnormal skin temperature and a limited active 
range of motion. These signs and symptoms should increase in severity 
after using the affected extremity. Furthermore, the above signs and symp-
toms should be present in an area much larger than the area of primary 
injury or operation and necessarily including the area distant from the pri-
mary injury. The selection criteria utilized in this study approximate those 
utilized in other studies concerning RSD and have been discussed in a pre-
vious study 18. 
Table 12.1 Diagnostic criteria 
1 4 or 5 of the following signs 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2. Occurrence or increase of above signs and symptoms after use of limb 
3 Above signs and symptoms present in an area much larger than the area of primary injury 
or operation and including the area distal to the primary injury 
When surgery was indicated, we preferred to wait until the signs and 
symptoms of RSD decreased at rest. If skin temperature in the affected 
extremity was cooler than in the healthy symmetrical extremity, indicating 
decreased perfusion, patients were treated with peripheral vasodilatators 
or blockade of the sympathetic nervous system to increase blood flow until 
skin temperature was normal. If possible, we avoided tourniquet hemosta-
sis during surgery and started mannitol 10% 1000 ml/24 h ¡.v. at the time 
anesthesia was induced. When a minor operation in an outpatient setting 
was performed, mannitol was not used. 
All patients were analyzed with special attention to indication for surgery, 
perioperative measures and outcome of surgery as well as recurrence or 
exacerbation of the RSD. 
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• RESULTS 
Forty-seven patients were operated on for various reasons: 36 were female 
(77%) and 11 male (23%). Age varied between H a n d 75 years (median 38). 
At the time of operation RSD had already been present for 3 months to 13 
years (median 1.5 year). 
In 14 patients one or more finger tendons were released was performed 
because of stenosing tenosynovitis. In 6 patients a carpal tunnel release 
was performed because of the clinical signs and symptoms of carpal tun-
nel syndrome. All but one of these patients had impaired nerve conduction 
as determined by an electromyographic investigation. In 6 patients 
osteosynthesis implants were removed. In 4 patients a neuroma was 
excised. In 3 patients arthroscopy was performed for diagnostic and/or 
therapeutic purposes. In 2 patients an arthrodesis was performed because 
of severe osteoarthrosis and a loosened subluxated knee prosthesis, 
respectively. In 2 patients partial nail extraction and nailbed fenolization 
were performed because of an ingrown toenail. The other patients were 
operated on for various reasons: excision of bursa olecrani because of 
recurrent inflammation, meniscectomy, arthrolysis because of joint anky-
losis and excision of a recurrent dorsal synovial cyst at the wrist (2x). The 
Hohmann operation was performed because of chronic tennis elbow, the 
Kuderna operation because of a calcanear fracture, excision of a benign 
subcutaneous tumor (2x) and resection of the first rib because of a thoracic 
outlet syndrome. Six patients were operated on with tourniquet hemosta-
sis: one because Bier anesthesia was used and twice in arthroscopy 
because a bloodless field was considered necessary. In 2 patients with 
ingrown toenails, partial excision of the nail followed by destruction of the 
nailbed by phenol was performed; the success of phenolization depends 
on a bloodless field. In one patient osteosynthesis material was removed 
with tourniquet hemostasis; the protocol was not followed for unknown 
reasons. In none of the cases did RSD recur. 
In all but two patients the aim of the operation was achieved. One patient 
complained of persistent pain after carpal tunnel release. Moreover, the 
operation was complicated by a compression neuropathy of the ulnar 
nerve due to insufficient positioning on the operation table as well as a 
mild and fortunately temporary recurrence of RSD. Another patient still 
complained of persistent hypesthesia in the area of the median nerve after 
carpal tunnel release and a temporary increase in RSD complaints. 
No complications relating to the operations were seen. Recurrence of RSD 
after surgery occurred in six patients (13%). In five patients this recurrence 
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Table 12.2 Operations performed and recurrences of RSD 
Operation 
Tendon release 
Carpal tunnel release 
Removal osteosynthesis material 
Excision neuroma 
Arthroscopy 
Arthrodesis 
Removal ingrown nail 
Excision of tumor 
Excision of synovial cyst 
Excision of bursa olecrani 
Meniscectomy 
Arthrolysis 
Resection of 1st rib 
Hohmann 
Kuderna 
Total 
π 
14 
6 
6 
4 
3 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
47 
was mild and temporary, and in one patient permanent and serious. The 
first patient developed severe RSD after a fracture of the proximal phalanx 
of the fifth finger. A tendon release of the flexor tendon was performed 
because of a tenosynovitis stenosans. After operation the trigger phenom­
enon was gone, but the range of motion was still limited because of joint 
ankylosis. One month after operation she developed a slight and tempo­
rary recurrence of RSD. The second recurrence occurred after extensor ten­
don release of the hand, by dividing the extensor retinaculum. After opera­
tion, a small hematoma occurred, but soon the patient developed a severe 
recurrence of RSD with recurrent hematomas. The third patient was 
relieved of a torn meniscus, but developed a temporary recurrence of RSD. 
In the fourth patient, a recurrently inflamed bursa olecrani was removed; 
this was performed on an outpatient basis without mannitol infusion. A 
few days later mild and temporary exacerbation of RSD occurred. The fifth 
and sixth cases of recurrence occurred after carpal tunnel release and are 
outlined above. 
• DISCUSSION 
RSD is one of many complications following operations in extremities. The 
development of RSD following arthroscopy, meniscectomy, joint replace­
ment, 1st rib resection, carpal tunnel release, resection of the palmar fascia 
Recurrence 
2 
2 
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for Dupuytren's disease and amputation has been described and probably 
many other operations have been complicated by RSD. The true incidence 
of RSD following surgery is unknown; after carpal tunnel release, RSD is 
seen in 2-5% 1213. Many surgeons prefer not to operate on an extremity suf-
fering from RSD to avoid a recurrence of RSD. This idea is widely accepted 
but rarely discussed. Evans3 reported exacerbations of RSD after surgery 
or infection in 7 patients, but did not provide details. Miller et al u stated 
that "removal of a neuroma in a scar or stump hardly ever gives lasting 
relief unless done quite early and usually aggravates the symptoms", but 
reported no details. Katz et al noted a recurrence of RSD in 8 of 17 patients 
(47%) who were operated because of mechanical problems in the knee9. 
Grundberg et a l 7 saw compression syndromes in 22 patients with RSD 
resistant to corticosteroid treatment; surgical decompression improved 
complaints in all patients. No remarks were made concerning eventual 
recurrences. Kissling et al reported recurrences in 11 of 38 operations 
(29%) in a retrospective study. When calcitonin was given perioperatively 
as a prophylaxis of RSD, only 1 of 10 operations (10%) was followed by a 
recurrence of RSD 10. In our study recurrences were seen in 13% of opera-
tions, although mild or temporary in most cases. This means that the inci-
dence of RSD is higher - probably two to three times - than in patients 
without RSD. These data support the hypothesis that surgery in extremi-
ties suffering from RSD is accompanied by an increased risk of recurrence. 
This risk, however, is acceptable if the indication is carefully chosen. 
Indication for surgery 
Much effort must be made to correct a painful trigger, because this may 
maintain the RSD. Stein 17 reported a cure of RSD after carpal tunnel 
release in 6 patients. Although the relationship between a cure of RSD and 
the surgery performed has not been clear in all patients, many patients 
improved after surgery. 
Especially in RSD patients, the indication for operation and the benefit to 
be expected should be carefully weighed. In all but two patients the opera-
tion was successful, that is, trigger phenomena were gone, pain from a 
neuroma was gone, etc. Unfortunately, in one patient with a blocked trig-
ger finger, postoperative mobilization was impaired because of coexistent 
arthrogenic fibrosis. 
On the other hand, a number of times we were requested to perform 
arthrodesis of the tibiotalar joint because of ankylosis in inversion. When 
such a patient was unable to bear weight on the affected limb or if the 
affected limb had to be kept in a horizontal position because complaints 
increased when the limb was in a dependent position, arthrodesis was not 
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performed. Indeed, obtaining ambulation or weight bearing in this situa-
tion is impossible; thus, fixation of the tibiotalar joint in inversion, eversion 
or neutral position is irrelevant, making the operation obsolete. 
Another aspect is the timing of surgery. Katz et a l9 and Lankford et al11 
waited before performing surgery until symptoms of RSD had subsided. 
We agree with this advice and wait until signs and symptoms of inflamma-
tion at rest have decreased and perfusion of the affected limb is optimized. 
In any case, surgery in a cold and/or edematous RSD limb is contra indi-
cated. 
Perioperative measures 
Whether or not perioperative measures reduce the incidence of RSD in 
patients without RSD is unknown. Lightman et al 12 and Goldner4 sug-
gested that a careful technique, knowledge of the anatomy, and proper 
postoperative management could prevent RSD after carpal tunnel release. 
Of course, these factors are important for any operation, but their relation-
ship to RSD has never been studied or proved and is highly questionable. 
Perioperative measures to reduce exacerbation or recurrence of RSD are 
also unknown. Goldner ' suggested decreasing doses of oral steroid over a 
period of 7 to 10 days in addition to stellate ganglion block, but did not 
report any results. As mentioned, Kissling reported a reduction of recur-
rences after calcitonin given perioperatively 10. On theoretical grounds we 
operate without tourniquet hemostasis and with perioperative intravenous 
infusion of mannitol. We avoid using a bloodless field because RSD is 
characterized by a decreased extraction of oxygen from arterial blood, 
together with hypoxia at the cellular level, even if blood flow is increas-
ed 58. Instituting tourniquet hemostasis would increase the need for oxy-
gen, and reperfusion would lead even further to production of toxic oxy-
gen radicals \ Mannitol is a scavenger of toxic oxygen radicals, which are 
probably important in the pathogenesis of RSD and mannitol may be ther-
apeutically successful6. 
From this, however, it cannot be concluded whether these perioperative 
measures reduce recurrence or exacerbation of RSD, because there has 
been no control group. 
• CONCLUSION 
Surgery in extremities suffering from RSD may provoke recurrence or 
exacerbation of RSD, but the risk is not as high as widely suggested. If pos-
sible, surgery should be avoided. The indication for surgery should be 
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carefully established. When surgery is indicated, we suggest a waiting 
period until the signs and symptoms have subsided. An operation without 
tourniquet hemostasis and with intravenous infusion of mannitol may 
have preventive effects but prospective controlled studies are necessary. 
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ABSTRACT 
Indication and results of amputation in patients suffering of reflex sympathetic dys-
trophy (RSD) were retrospectively studied. 34 amputations were performed in 31 
limbs in 28 patients. Amputations were performed because of untenable pain (5), 
relapsing infections (14) orto improve residual function (15). Only 2 patients were 
relieved of pain after amputation. Relief of pain by amputation could not be pre-
dicted. Infections were cured by amputation in 10 of 14 patients. Improving resid-
ual function was achieved in 9 of 15 patients. 
In 28 cases RSD recurred in the stump, especially in those patients amputated at a 
level which was not free of symptoms of RSD. Because of recurrences of RSD in the 
stump or severe hyperpathy only 2 patients wear a prosthesis. Still, 24 patients 
were content with amputation. 
• INTRODUCTION 
Many types of treatment have been reported for reflex sympathetic dystro-
phy (RSD), but most of them wi th little or only temporary success. These 
include physical therapy, systemic administrat ion of various drugs (includ-
ing corticosteroids, calc i tonin)1 5 and many modes of inhibit ing the sympa-
thetic nervous system (regional block, stellate/lumbar block, sympathec-
tomy) 22. 
Little is known concerning the prognosis of RSD, because prospective 
studies are lacking. Anyhow, despite active treatment, a number of 
patients wi l l become seriously incapacitated, some wi th total loss of func-
t ion of the affected extremity. In these end-stage RSD-patients several new 
problems may be encountered, such as severe recurrent infections, trophic 
ulcers and intractable pain. In some cases, the patient and/or treating 
physician may consider amputat ion. 
Though RSD can occur in stumps after amputat ion 4 9 1 \ amputat ion as a 
therapy for RSD has been reported only incidental ly2 3 1 7 1 8 or mentioned 
briefly in publication of large series of RSD-patients 10121516. To our knowl-
edge, the indication for, and the results of amputat ion in RSD have never 
been studied or discussed. For this reason, we retrospectively analyzed the 
results of amputat ion in RSD. 
• PATIENTS AND METHODS 
Patients were included in this study when an amputat ion was performed 
because of RSD-related problems. 
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For the diagnosis of RSD the following criteria were used 
1 4 or 5 of 
Unexplained diffuse pain 
Difference in skin color relative to other limb 
Diffuse edema 
Difference in skin temperature relative to other limb 
Limited active range of motion 
2 Occurrence or increase of above signs and symptoms after use of 
affected limb 
3 Above signs and symptoms present in an area much larger than the 
area of primary injury or operation and including the area distal to 
the primary injury 
These diagnostic criteria approximate those, utilized in other studies con-
cerning RSD 113, and were discussed in a previous study 21 
A total of 28 patients were studied Of these, 16 patients were already 
known at the outpatient clinic of de Department of Surgery, Nijmegen Uni-
versity Hospital, 8 patients responded to a request from the Dutch Associa 
tion of RSD-patients to participate in the study, and 4 patients were asked 
to participate by rehabilitation physicians who were informed about the 
study. 
Details of the medical histories were taken from medical records If no 
medical record was available, details were obtained from the patients and 
their attending physicians Postoperative data were acquired from the 
patients by questionnaire and by an interview The questionnaire com-
prised only non suggestive questions Patients were interviewed at the 
outpatient clinic in Nijmegen and if necessary at home Special attention 
was paid to signs and symptoms of RSD before amputation, to activities in 
daily life (ADL) after amputation, to use of a prosthesis and to recurrence 
of RSD 
The independence of ADL was judged on the basis of 6 functions, namely 
to eat and drink, to wash and dress, fine motor activities, domestic affairs, 
mobility indoors and outdoors A scoring-system was used to review the 
independence, spreading from completely independent without adjust 
ments or expedients to completely dependable on a third party 
Statistical analysis was performed with the Chi square test (Yates cor-
rected) A p-value below 0 05 was considered significant 
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• RESULTS 
patient characteristics 
34 amputations were performed in 31 limbs in 28 patients, 4 male and 24 
female. In 3 patients 2 limbs were amputated and in 3 patients one limb 
was amputated twice. Age varied from 23 to 73 years (median 42 years). In 
24 (77%) cases RSD was characterized by a cold limb from the start (pri-
mary cold), in 6 cases (19%) by a warm limb and in one patient the skin 
temperature at onset of RSD was not different from the contralateral 
extremity. RSD developed after trauma in 19 cases (61%), after surgery in 5 
(16%) and spontaneously in 7 cases (23%). At the time of amputation, RSD 
was present for 5 months up to 18 years (median 2.5 years). 
Compared to a large series of patients suffering from RSD, but not requir-
ing amputation 21, the amputated RSD-patients suffered more frequently 
from primary cold RSD (p<0,001 ) and RSD occurred more often sponta-
neously (p=0.001). 
treatment before amputation 
All patients received numerous therapies before amputation. Sympathetic 
blocks were performed in 25 (74%) of patients resulting in some improve-
ment in only a minority. Scavengers of toxic oxygen radicals were given to 
30 (88%) of the patients and resulted in 6 (20%) in some improvement of 
RSD. In general, RSD in these cases was resistant to all forms of therapy. 
Although most therapies did not result in any improvement of RSD, some 
therapies caused an increase of severity of RSD. Physical therapy and 
surgery in the affected limb deteriorated in a majority the signs and symp-
toms of RSD. 
indications 
5 amputations, all in the lower extremity, were performed because of 
untenable pain. In all 5 cases, amputation was performed after repeated 
requests of the patient. All patients were treated previously with current 
therapies at the pain clinic, such as sympathetic blockades, scavengers of 
oxygen radicals, transcutaneous electroneuro stimulation and pharma-
cotherapeutic pain therapy. 
15 amputations were performed because the limb had become useless to 
the patient and obstructed residual function. Examples of this indication 
are, lower limbs which needed to be continuously kept in a horizontal posi-
tion because dependency increased pain (n=5), or an ankylosed, hyper-
pathic finger impairing the utilization of a hand because of extreme hyper-
pathy (n=9). The initiative for amputation to increase residual function was 
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taken by the physician in some cases, by the patient in many others. 
14 amputations were performed because of permanent or relapsing severe 
infections in the RSD-limb, often caused by streptococci or anaerobic bac-
teria, resistant to therapy. 
level of amputation 
15 times a part of the upper extremity was amputated: 3 times a finger, 8 
times a ray of the hand, 3 times through the fore-arm and once through the 
upper arm. 19 times a part of the lower extremity was amputated: once a 
toe, twice below the knee, 8 times through the knee and 8 times above the 
knee. In 24 patients, symptoms of RSD were present at the level of amputa-
tion - mostly in amputations of a finger, toe or ray of the hand. 
Epidural anesthesia was started preoperatively in 16 patients. 25 patients 
received mannitol 10% 1000 ml/24 hour i.v. perioperatively. In 13 (38%) 
patients, complications related to the amputation occurred: 11 times a 
wound infection and 11 times delayed closure of the wound. This con-
cerned especially peripheral amputations (finger, toe or ray of the hand) 
(n=9). Infection of the amputation wound occurred especially in patients 
amputated because of infection (n=9). 
pain after amputation 
When amputation was performed because of pain (n=5), the pain 
decreased significantly in only 2 patients; in 1 patient pain was not 
changed by amputation and in 2 patients pain even increased. When 
amputation was performed because of reasons other than pain (n=29), the 
pain decreased in 9 patients, did not change in another 9 patients, 
increased in 11 patients. In only 2 patients pain was totally gone after 
amputation. 
Pain after amputation was due to several factors. In 28 patients pain was 
present due to recurrence of RSD in the stump. In 24 patients - especially in 
the elderly patients - phantom pain was present. A phantom sensation, 
that is the sensation that the amputated part was still present, was present 
after 29 of 34 amputations. 
Occurrence of phantom pain or phantom sensation was not related to 
symptoms of RSD present at the level of amputation and was not pre-
vented by epidural anaesthesia. When amputation was performed at a 
level free of symptoms, pain more often decreased and less often 
increased. 
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Table 13.1 Results of amputation related to level of amputation 
f inger/ray 
fore arm 
upper arm 
toe 
below knee 
t h r o u g h knee 
above knee 
total 
η 
11 
3 
1 
1 
2 
8 
8 
34 
s y m p t o m s of 
RSD present at 
level 
10 
2 
1 
1 
-
7 
3 
24 
arr iputat lon 
recurrence 
RSD in 
s t u m p 
10 
3 
1 
1 
1 
8 
4 
28 
prostesis* 
<2>-
( D -
-
( 2 ) -
( 4 ) -
(3)2 
(12)2 
patient 
contentment 
# 
7 
2 
0 
1 
1 
6 
7 
24 
* between brackets: temporary prosthesis 
" patients were able to choose between: + + + very content, + + content, + moderately con­
tent, - discontented, - - very discontented. Only those patients choosing + + +, + + or + are 
listed in table. 
infections 
In 10 of 14 patients who were amputated because of recurrent infections, 
cure of infection was achieved. These were all central amputations. In 4 
patients the infection persisted. Repeated excision and drainage combined 
with administration of antibiotics, cured the infection in 3 patients. The 
fourth patient with a ray amputation of the forth and fifth finger, was cured 
after transplantation with a revascularized free myocutaneous flap. 
improvement of residual function 
The aim of amputation was improving residual function in 15 patients. 
According to the patient's judgement, this goal was reached in 9, no 
improvement was seen in 2 and in 4 patients residual function further 
decreased after amputation. No improvement or further decrease of func­
tion occurred in peripheral amputations only. When amputation was per­
formed for reasons other than improvement of residual function (n=19), 
functionality increased in 8 patients, did not change in 5 patients and fur­
ther decreased in 6 patients. 
Improvement of residual function more often occurred after proximal 
amputations compared to peripheral amputations. Also residual functions 
more often increased when amputation was performed at a level free of 
RSD-symptoms, as compared to amputation through a level with symp­
toms present. Postoperative physical therapy increased residual function, 
according to the patient's statement. 
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Table 13.2 
indication 
pain 
improvement 
residual functior 
infection 
total 
Results of 
η 
5 
15 
1 
14 
34 
'amputation 
pain 
relief 
2 
4 
5 
11 
imp 
resi 
2 
9 
6 
17 
irovement 
dual function 
infection 
cured 
-
5 
10 
15 
recurrence of RSD after amputation 
After amputation, RSD recurred in the stump in 28 cases. In 6 patients the 
amputated limb was free of RSD, but 2 of these patients had significant 
pain which was not caused by RSD and 2 other patients developed RSD in 
another extremity. 19 patients suffered from RSD in another extremity. 
When amputated at a level free of symptoms (n=10), RSD still recurred in 
the stump in 7 cases. Of 24 patients who were amputated at a level with 
RSD present, RSD was still present after amputation 21 times. 23 of 24 
patients with phantom pain developed a recurrence of RSD. Recurrences 
of RSD in the stump were independent of the length of time RSD existed 
before amputation, of the primary temperature at onset of RSD or starting 
epidural anaesthesia pre-operatively. When mannitol was administered 
perioperatively (n=25), RSD recurred in 20 cases (80%). When mannitol 
was not administered, RSD recurred in 8 of 9 cases (89%). 
prosthesis 
A prosthesis was fitted to patients amputated at a level proximal of fore­
arm or below knee (n=22). Only 14 of these patients actually did wearthe 
prosthesis for a period of time. Persistent or recurrent RSD and hyperpathy 
of the stump were the main reasons for not initiating or wearing a prosthe­
sis. 
Only 2 patients still wear a prosthesis, but follow up is short: 7 and 20 
months respectively. 12 Patients eventually stopped wearing the prosthe­
sis, after making an attempt. Patients stopped because of persistence or 
recurrence of RSD in the stump (7x), insufficient muscle strength to wear 
the prosthesis (4x), hyperpathy of the stump (6x), contracture of joints 
proximal to the stump (2x), skin problems of the stump (3x), because no 
benefit was obtained (1x), or financial problems (1x) and in one patient rea­
sons for not wearing the prosthesis were not obvious. 
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ADL function 
26 patients were employed in a civil job before RSD developed. After 
amputation, only 8 returned to their original occupation, of which 3 fully, 2 
parttime and 3 with adjustments. 
Concerning ADL-functions, little was gained or lost by amputation. Accord-
ing to the statements of patients who considered there residual functions 
increased (n=17), the functioning of one specific ADL-function was 
increased in 18 %, remained at the same level in 76% and decreased in 6%. 
An increase was established mainly in washing and clothing and domestic 
affairs. Patients with amputations performed with the aim of increasing 
residual function, achieved an increase of ADL functions in 60% of the 
cases and a decrease in 27%. 
judgement of patient 
24 patients were content with their amputation (table 13.1). These included 
all patients without recurrence of RSD but also 20 of 28 patients in whom 
RSD recurred or persisted. After peripheral amputation, 8 out of 12 
patients (67%) were content and after proximal amputations 16 out of 22 
patients (73%). Patients were more content if the initiative to amputation 
was taken by themselves (12 of 14 patients versus 12 of 20 patients of the 
patients in whom amputation was initiated by the physician). 
• DISCUSSION 
Because other reports concerning amputation for RSD are lacking, it is not 
possible to compare results. However, the epidemiology of RSD-amputees 
can be compared to a large group of previously published RSD-patients21. 
The ratiofemaleto male for amputated patients was6to 1 versus3to 1 inthe 
large series. Most amputated patients were 30 to 50 years old as in the large 
series. RSD in amputated patients more often was of the primary cold type 
and more often occurred spontaneously. This is in accordance with previous 
findings, in which primary cold RSD seemed to have a more severe progno-
sis7 and recurrences of RSD were more often spontaneous in origin20. 
Amputation was performed to relieve untenable pain, to cure infection or 
to increase residual function. 
The results show that relief of pain by amputation was achieved in a 
minority of patients. Also it was not possible to preoperative^ identify the 
patients that would have severe pain after amputation. Phantom pain was 
experienced by 71% of the patients and phantom sensations by 85%. 
158 Chapter 13 
These data are in accordance with other reports concerning amputation for 
other reasons than RSD θ " 19. The occurrence of pain was independent of 
the level of amputation, indication of amputation or pre-operative adminis­
tration of epidural anesthetics. For these reasons we do not recommend 
amputation for pain relief. 
Best results can be expected of amputations performed to cure recurrent 
or persistent infections. In 7 1 % of the patients, amputation controlled the 
infection definitively. To achieve optimal results, the level of amputation 
was decisive. If the amputation was not sufficient to control infection, the 
amputation level had been chosen peripherally e.g. finger, ray or toe in the 
majority of cases. 
If amputation was performed to increase residual function, limited gain 
was achieved. Unfortunately, important aspects were not evaluated by the 
questionnaire. For instance, most amputations were performed in severely 
hyperpathic limbs. After amputation, the patient was relieved of the fear 
for painful contacts and started to actually use the residual functions pre­
sent before amputation. We consider amputation to increase residual func­
tion a valid indication. Proper information to the patient of realistic expec­
tations after amputation and performance of amputation at a well chosen 
level, in healthy tissue, increased the success ratio of surgery. 
Because of recurrence of RSD in the stump and in other extremities, most 
patients were unable to wear a prosthesis. Only 2 patients still wear their 
prosthesis, but for both, follow up is short. Therefore, performing an 
amputation to increase residual function by wearing a prosthesis, is not 
realistic. Also when choosing the level of amputation, it is not realistic to 
consider a more peripheral level of amputation, to enable the patient to 
wear a more functional prosthesis. 
Many of the patients were content after amputation, despite a high inci­
dence of phantom pain, recurrence of RSD or despite little was gained in 
terms of ADL Possibly, these patients experienced their situation as hope­
less before amputation. After amputation, they were relieved from an 
obstacle in social functioning - despite persistent pain and incapacities -, 
because infections were cured and painful contact with the hyperpathic 
limb was no more possible. 
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• CONCLUSION 
From this study we conclude that in RSD-patients amputation should not 
be performed because of pain, as relief of pain can not be predicted. 
Amputation to increase residual function or to relief severe incurable infec­
tions solved that particular problem in most cases. When amputation has 
to be performed, the amputation should be performed at a level free of 
signs and symptoms of RSD. Limited amputation of i.e. a finger, ray or toe 
are likely to result in a failure, while amputation through a more proximal 
level was more frequently successful. After amputations for RSD, wearing 
a useful prosthesis was an exception. 
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The main purpose of this thesis was to describe and analyze the clinical 
signs and symptoms of RSD. Which functions and structures are disturbed 
and how can we explain these disturbances ? 
• 14.1 Analyzing the clinical syndrome 
We have found that, in the acute phase of RSD, 95% of the cases is charac-
terized by the classic signs and symptoms of inflammation - pain, edema, 
discoloration, changes in temperature, and decreased active range of 
motion. The signs and symptoms may be present at rest or elicited by 
exercise. Soon other disturbances develop. Sensibility for all modalities -
touch, temperature, position, movement - decreases, except for pain. Nor-
mally non-painful stimuli, such as mild touch, cold or warm liquids, will be 
felt as pain - allodynia - and pain sensation shows delay and summation -
hyperpathy. Neural and muscular functions will be disturbed too. Paresis is 
one of the most frequent findings in RSD which may increase until the 
patient is unable to move actively at all - pseudoparalysis. There is incoor-
dination of active movements and occurrence of involuntary movements 
such as increased physiological tremor, muscle cramps, myoclonia or dys-
tonia. Impairment of sweat secretion, nail growth and hair growth are 
signs of disturbances of the sympathetic nervous system or its function. 
Furthermore, many other signs and symptoms are present, which we can 
not categorize, such as clubbing of fingers, hourglass nails, increased pig-
mentation, spontaneous hematomas or the occurrence of infections. Thus 
RSD affects all functions of the affected extremity. 
Oxygen metabolism in RSD 
One of the most prominent aspects in the clinical syndrome of RSD was 
the occurrence, or increase in severity of signs and symptoms during and 
after exercise. Patients complain of pain during movement, but after exer-
cise, pain does not reside or even increases during the day to become 
most severe in the evening. Active physical therapy is often instituted. 
Patients told us that, at the beginning of therapy, when exercises started, 
complaints were mild, but at the end of each session, and the following 
hours, all signs of inflammation were present and remained for several 
hours subsequently. 
At the cellular level, oxygen metabolism in RSD is impaired. Heerschap et 
al, who studied energy metabolism in muscle cells of the calf of RSD 
patients with P-NMR-spectroscopy, reported impairment of high energy 
phosphate metabolism characterized by increased intracellular pH, 
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decreased ATP levels, increased ADP levels and an increased ratio of inor-
ganic phosphate/phosphocreatine \ Tilman et al performed an EM study of 
skeletal muscle in severe RSD patients, and reported signs of oxidative 
stress at cellular level, such as swelling and vesiculation of mitochondria, 
blebbing of the sarcolemnal membrane and deposition of lipofuscin 2. Also 
the occurrence of clubbing of fingers, impaired wound healing and infec-
tions with anaerobic bacteria in RSD suggest a chronic hypoxia. 
In contrast to the signs of cellular hypoxia, blood flow in the affected 
extremity in warm RSD is increased 3'7. Other studies have shown that RSD 
is characterized by increased venous oxygen saturation 4710 and increased 
production of lactate 7. Increased blood flow together with increased 
venous oxygen saturation and cellular hypoxia suggests insufficient cellu-
lar oxygen supply or utilization. One of the possible mechanisms to 
explain this shunting is impaired diffusion of oxygen. This fits in with the 
findings of Tilman et a l2 who reported edema of the intimai layer of the 
small blood vessels and thickening of the basal membrane. Another expla-
nation for this shunting is disregulation of the microcirculation. Capillary 
microscopic studies and laser doppler f luxmetry have shown both 
increased and decreased red blood cell velocity and sometimes winding 
capillaries " 1B. 
Impaired oxygen extraction is one of the main characteristics of inflamma-
tory processes 10. Ischemia and subsequent reperfusion result in increased 
vascular permeability and impaired energy metabolism, caused by the for-
mation of oxygen derived free radicals during the reperfusion phase 1920. 
Thus, both clinical and experimental data in RSD are in accordance with 
this concept. 
Morphology 
Clinically, RSD may affect all tissues and functions of an extremity. The 
skin becomes glossy and thin with sometimes hyperpigmentation. Nails 
become irregular. Subcutaneous tissues stiffen. Bone tissue shows the 
typical patchy osteoporosis. Spontaneous hematomas may occur suggest-
ing increased vulnerability of the blood vessels. In the end, all tissues may 
become atrophic. 
Morphologic studies of tissues affected by RSD are scarce, probably 
because many physicians refrain from taking biopsies, as invasive tech-
niques may increase complaints. Nevertheless, the scarce literature 
reported disturbances in all tissues. Bone tissue is characterized by remod-
elling, that is increased destruction and reconstruction 8. Genant et al2122 
reported synovial and subsynovial edema, disintegration of synovial lining 
cells, proliferation of endothelial cells. Perivascular infiltration of leuko-
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cytes was found in acute cases only22. Ogilvie-Harris reported subsynovial 
fibrosis 23. In muscles, edema is found in acute cases. Later on, muscle 
fibers degenerate in groups showing decreased striation with granular 
deposits - possibly lipofuscin -, forming of vacuoles and increased num-
bers of nuclei 2132\ Skin biopsies show edema in epidermal and subcuta-
neous tissues and later fibrosis with thickening of the corneal layer13. 
Thus, the reported disturbances are nonspecific and occur in all tissues. 
Summarizing the reported findings, we conclude that RSD is characterized 
by disturbance of all functions and tissues of the affected extremity, and by 
impaired oxygen extraction. 
• 14.2 Considerations about the pathogenesis 
In chapter 2 the hypotheses describing pathophysiological pathways lead-
ing to RSD have been described. We have seen that inactivity or psycho-
logical factors can not explain the pathogenesis of RSD. 
• 14.2.1 Sympathetic dysfunction 
The "sympathetic hypothesis" recently has been widely challenged and 
criticized 25 29. If dysfunction of the sympathetic nervous system would 
cause RSD, one would expect that the clinical signs and symptoms fit with 
the concept. Bennett discussed this matter in 1991 2e and stated that the 
presumably sympathetic signs and symptoms may have no relation to the 
sympathetic nervous system. Vasomotor signs (changes in skin tempera-
ture and skin color) may also be caused by inflammation or antidromic 
vasodilatation secondary to C-fiber nociceptor sensitization. Drummond et 
al reported that plasma catecholamine concentration is not increased in 
extremities suffering from RSD30. 
Also, hyperfunction of the sympathetic nervous system can not explain 
why RSD often starts with increased skin temperature, and edema can not 
be attributed to a dysfunction of the sympathetic nervous system. We have 
seen sympathetic signs and symptoms - hyperhidrosis, changes in nail 
growth or changes in hair growth - in only 50 to 60% of our patients seen 
within 2 months that RSD existed (chapter 3). On the other hand, when 
hyperhidrosis was present, skin temperature was cold or warm in equal 
percentages of patients. If an increased sympathetic tonus is the cause of 
RSD, one would expect a cold skin temperature in patients with hyper-
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hidrosis and if decreased sympathetic tonus is the cause of RSD, hypo-
hidrosis together wi th a warm skin temperature. Thus, the reported clinical 
symptoms do not fit in a concept of an overall increased or decreased 
funct ion of the sympathetic nervous system. 
Several vasomotor responses are supposed to pass via the sympathetic 
nervous system. In RSD, confl ict ing results have been reported. Chris-
tensen et al reported a normal reaction - that is decreased blood f low - to 
lowering the affected extremity 6, whi le Rosén et al reported an absent 
reaction 14. Cooling the extremity normally results in decreased blood f low, 
but Bej et a l 3 1 reported increased blood f low, Rosén et al reported normal 
f low U 1 5 , and Pollock et a l 3 2 reported both increased and decreased blood 
f lows. 
From a therapeutical point of view, one wou ld expect cure of RSD when 
the sympathetic nervous system is excluded, but local blocks or sympa-
thectomy are not uni formly effective in curing RSD (see §2.7). 
Thus, the early presentation of RSD does not support the concept of a 
causal sympathetic defect. However, the sympathetic nervous system may 
be affected - like every other function of the extremity. But this is probably 
a secondary effect. For instance, inf lammatory processes have proven to 
change sympathetic activity з э and local - inf lammatory - processes can 
induce sensitization of nociceptors for norepinephrine 34. 
Therefore it is concluded that RSD is not a sympathetic generated syn­
drome but a syndrome wi th sympathetic disturbances. Other factors must 
be present to explain the pathogenesis of RSD. 
M 14.2.2 Is RSD caused by nerve injury? 
Disturbances in sensibility and motor function are present in approxi­
mately 75% of the patients suffering f r o m RSD (chapter 3). However, 
neural disfunction does not need to be the pr imary laesion in RSD. RSD 
may develop after injury of all types of tissues (chapter 2 and 3). We have 
seen RSD developing after minor skin laesions, fractures, stretched liga­
ments or combinat ions of these. A minority of patients developed RSD 
after nerve injury. RSD may also develop after nontraumatic incidents such 
as a myocardial infarction or lung cancer or even spontaneously. It's 
extremely unlikely that in all RSD patients a nerve injury is overlooked. 
The pattern in which paresis and decreased sensibil ity occur, can not be 
related to peripheral nerves, plexus, nerve roots or segmental innervation. 
Decreased sensibil ity is found in a glove- or stockinglike area (chapter 3). 
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This regional polyneuropathy suggests a metabolic disturbance. RSD often 
starts in the peripheral parts of an extremity but it may spread to proximal 
parts. Eventually the entire limb may be affected. Peripheral nervous disor­
ders can not account for this development. Neurological disturbances are 
often present but generally are not present at the onset. As it takes time to 
develop these disturbances, they are probably caused by other processes. 
Results of electromyographic investigations have not shown dysfunction 
of peripheral nerves nor in their activity (chapter 7 and 8). This suggests 
changes at the receptor level in a wide area. Cline et a l Э 5 have proven that 
chronic hyperalgesia in RSD is caused by sensitization of the С polymodal 
nociceptors without interference of the CNS. Others reported increased 
adrenergic sensitivity 2736-37 which explains spontaneous pain and 
increased pain sensation after mechanical- and thermal stimuli and after 
sympathetic arousal. 
In acute RSD, signs of inflammation are the most prominent, which sug­
gests that a local metabolic process is responsible for its development. 
Inflammatory processes are known to cause ongoing pain and hyperalge­
sia due to increased nociceptor sensitivity38. Nevertheless, in chronic RSD, 
pain may become a neuropathic pain which of course is influenced by cen­
tral nervous processes. 
These arguments support the hypothesis that the injured tissue - if present 
- does not cause RSD. Important for the development of RSD is the fact 
that an injury - in whatever tissue - has taken place. An abnormal reaction 
of the body to this injury causes RSD. 
• 14.2.3 Is RSD caused by an exaggerated inflammatory reaction ? 
The Roman scientist Celsus defined inflammation as a combination of 
rubor, calor, tumor, dolor and functio laesa. In chapter 3 we have seen that, 
in acute RSD, these classical signs of inflammation are the most prominent 
symptoms of the disease. Other signs and symptoms occurring in RSD, 
such as neurologic, sympathetic, atrophic and dystrophic signs occur infre­
quently and mostly later in the development of RSD. 
However, RSD patients do not have fever and the erythrocyte sedimenta­
tion rate and the leukocytes counts are within the normal range 7. The 
"inflammatory"-hypothesis is supported by several findings. Van Oyen et 
a l 3 9 reported extravasation of macromolecules with indium1 1 1 labeled 
immunoglobulin G in the acute phase of RSD. Extravasation of these 
macromolecules occurred in both decreased and increased flow states, 
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which suggests increased microvascular permeability as a cause. Synovial 
biopsies of patients with acute RSD, show perivascular cellular infiltration -
especially lymfocytes22. Recently, Felius demonstrated increased blood 
levels of TNFa and interleukin-6 during exacerbations of RSD in children 
(personal communication). Also, corticosteroids have proven therapeuti­
cally effective (§2.7). 
Free oxygen radicals, especially hydroxylradicals play an important role in 
inflammatory processes. These are produced by activated phagocytes or 
by ischemia/reperfusion 40. Excessive production of oxygen radicals may 
result in destruction of healthy tissues *\ Scavenger treatment in RSD 
patients has promising results (§2.7) which proves that oxygen derived 
free radicals are responsible for at least a part of the disturbances in RSD. 
Disturbances in RSD are compatible with an excessive regional inflamma­
tory response to injury. 
• 14.3 What's in a name? 
As RSD can not be explained by neural processes nor by a dysfunction of 
the sympathetic nervous system, it is obvious that the name reflex sympa­
thetic dystrophy for this syndrome is not well chosen. 
This thesis emphasizes that RSD is characterized by damage of all struc­
tures, disturbance of all functions and impairment of oxygen extraction. If 
these disturbances would be present in the entire body, the signs and 
symptoms generated would be similar to these found in the multiple organ 
dysfunction syndrome (Goris, personal communication). Both syndromes 
indeed are characterized by disturbances of all functions, impairment of 
oxygen utilization and affecting all tissues in the area affected. Both are 
caused by an excessive inflammatory reaction 42. In this respect it might be 
more suitable to use the name regional multiple dysfunction syndrome 
(RMDS) instead of RSD, awaiting further clarification of its pathogenesis. 
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The main purpose of this study was to describe and analyze the clinical 
signs and symptoms of RSD in a large patient population and incorporate 
these findings in a pathogenetic model. We further analyzed specific prob-
lems in treatment. 
Analyzing literature (chapter 2) we have found that many prejudices and 
unproven statements still occur in articles dealing with RSD. There is no 
consensus of a name, diagnosis, incidence, pathogenesis, staging, therapy 
or prognosis. 
829 RSD patients were prospectively analyzed for signs and symptoms 
(chapter 3). We have found that besides the well known pain, edema, 
changes in color and -temperature, limited active range of motion and 
hyperhidrosis, many other signs and symptoms may be present. Espe-
cially neurologic symptoms are frequently found. Sensibility for all modali-
ties decreases in a pattern like regional polyneuropathy. However, sensibil-
ity for pain increases. Paresis is invariably present. Involuntary 
movements, ranging from incoordination, to tremor, muscle jerks or dys-
tonia are infrequently seen. Eventually, atrophy of all tissues may occur. 
Sympathetic signs such hyperhidrosis, increased hair growth and 
increased nail growth are seen in approximately 50% of the patients. Signs 
and symptoms invariably increase after exercise. New symptoms, such as 
clubbing, abnormal pigmentation, spontaneous hematomas are added to 
the syndrome. 
The classical staging into three consecutive stages could not be confirmed 
in a large patient population (chapter 3 and 4). The development of signs 
and symptoms according the classical staging was present in only 14% of 
177 RSD patients. In 14% of the patients, RSD started with a cold extremity, 
while a warm extremity may persist in late cases. Changes in skin tempera-
ture and skin color are not typical for the second phase, but can occur in all 
phases after exercise, painful stimuli, dependency or changes in surround-
ing temperature. 
Though RSD affects extremities in most cases - especially the peripheral 
parts of extremities -, it may occasionally be localized in the face (chapter 
5) ortrunk. 
Shoulder complaints in patients with RSD of the upper extremity occur in 
approximately 20% of the patients and more often in females (chapter 6). 
They are caused by a tendinitis of one or both tendons of the biceps mus-
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cle. Injection with marcaine followed by methylprednisolone is both diag-
nostic and therapeutically successful. 
Nerve injury is often considered to be the cause of RSD. EMG investigation 
was performed in 75 RSD patients with neurologic symptoms (chapter 7). 
However, the results could never explain the neurologic disturbances. As 
the distribution of neurologic symptoms is present in a regional area, not 
related to a peripheral nerve or nerve root, a metabolic factor as a cause is 
more probable. 
Paresis is invariably present in RSD. It may progress until the patient is 
unable to perform active movements at all. This pseudoparalysis can not 
be attributed to nerve injury (chapter 8). Classical EMG and Single fibre 
EMG investigation showed normal function of peripheral nerves and neu-
romuscular transmission. Peripheral mechanisms - probably located at a 
cellular level - are the cause. 
In 10% of our patients the syndrome recurred in the same extremity - after 
a period of no or few complaints - or in another extremity (chapter 9). In 
the future, probably more patients will develop a recurrence. Recurrences 
occur more frequently in females and in younger patients and are charac-
terized by few signs and symptoms which makes diagnosis more difficult. 
Complications may occur in chronic patients (chapter 10). Dependency, 
contractures or spontaneous hematomas were regularly seen. Edema may 
progress to mimic elephantiasis, especially when compression therapy is 
impossible because of coexistent hyperpathy. These patients are suscepti-
ble to trophic ulcers and infections. Trophic ulcers may become infected by 
anaerobic bacteria. 
Dystonia is seldomly seen in RSD patients (chapter 11). Successful thera-
pies have not been reported. Many therapies, including injection with Bot-
ulinum Toxin were tried in 2 patients, but none was successful. 
Surgery can not cure RSD, but localized problems in extremities suffering 
from RSD may necessitate surgical therapy (chapter 12). However, many 
surgeons refrain from surgical therapy, because this may exacerbate com-
plaints. After surgery, a recurrence of RSD was found in 6 of 47 patients 
(13%) of which serious in only one patient, when care is taken to optimize 
oxygen supply of the affected extremity. 
Many patients with chronic pain which can not be relieved by any method, 
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ask us to perform an amputation of the affected limb (chapter 13). Unfortu-
nately, pain after amputation can not be predicted. Therefore we do not 
recommend amputation because of pain. Amputation can be successfully 
performed to relieve chronic or recurrent infections. Also amputation may 
increase residual functions, especially in patients with RSD of the lower 
extremity, accompanied by hyperpathy and dependency. 
Analyzing the clinical signs and symptoms, we have seen that RSD affects 
all functions and structures and that oxygen extraction is impaired (chap-
ter 14). Sympathetic and neurologic disturbances are part of RSD, but can-
not explain the entire syndrome. Both clinical and experimental data are in 
favor of an exaggerated inflammatory reaction to injury. For denomina-
tion, the name regional multiple dysfunction syndrome would be more 
appropriate. 
Conclusions 
- In its acute phase, RSD is characterized by all signs of inflammation 
which increase by exercise. 
- RSD affects all functions and all structures of an extremity. 
- The development of RSD according to three consecutive phases, begin-
ning with a warm skin temperature, developing through a phase with 
varying skin temperature and ending with a cold skin temperature is not 
realistic. 
- Surgery on extremities affected by RSD can be safely performed when 
care is taken to optimize oxygen supply. 
- Amputation for RSD should not be performed for pain because the 
results can not be predicted. Amputation for relieving recurrent infec-
tions or improving residual functions can be safely performed. 
- RSD is not a sympathetic generated syndrome but a syndrome with 
sympathetic disturbances. 
- RSD can not be attributed to nerve injury. 
- Disturbances in RSD are compatible with an excessive regional inflam-
matory response to injury. 
- Naming the syndrome regional multiple dysfunction syndrome is more 
suitable than RSD. 
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Het doel van dit proefschrift, getiteld klinische aspecten van reflex sympa-
thische dystrofie, is de beschrijving en analyse van de klinische tekenen 
van RSD bij een grote groep patiënten om deze vervolgens in een pathoge-
netisch model te voegen. Daarnaast analyseerden wij enkele specifieke 
therapeutische problemen. 
De hedendaagse literatuur betreffende RSD gaat vaak uit van vooroorde-
len of onbewezen stellingen (hoofdstuk 2). Er bestaat geen consensus 
betreffende een naam, diagnose, incidentie, Pathogenese, stadiëring, the-
rapie of prognose. 
Alle symptomen werden in een prospectieve studie bij 829 RSD patiënten 
gescoord (hoofdstuk 3). Buiten de bekende symptomen, zoals pijn, oedeem, 
verschil in huidskleuren huidtemperatuur, verminderde actieve beweeglijk-
heid en toegenomen zweetsecretie vonden we vele andere symptomen. Met 
name neurologische symptomen werden frequent gevonden. We zagen een 
verminderdesensibiliteitvooralle modaliteiten gelokaliseerd in een gebied 
passend bij een regionale Polyneuropathie. De pijnsensatie was echtertoe-
genomen. Pa rese was altijd aanwezig. Soms werden onwillekeurige bewe-
gingen gezien, variërend van discoördinatie, tremor, spierkrampen of zelfs 
dystonie. Uiteindelijk kan atrofie van alle weefsels ontstaan. Sympathische 
symptomen zoals hyperhidrosis, toegenomen haargroei oftoegenomen 
nagelgroei werden bij ongeveerde helft van de patiënten gezien. Steeds 
namen de klachten toe na inspanning. Ook zagen wij nooit eerder genoemde 
symptomen zoalstrommelstokvingers,horlogeglasnagels, abnormale pig-
mentatie of spontane haematoomvorming. 
De klassieke stadiëring volgens drie opeenvolgende fasen kon niet worden 
gevonden in een grote patiëntenpopulatie (hoofdstuk 3 and 4). Slechts 
14% van 177 patiënten volgde de klassieke stadiëring. Eveneens bij 14% 
van de patiënten begon de ziekte met een koude huidtemperatuur, terwijl 
een warme huidtemperatuur ook in de late fase van RSD werd gezien. Wis-
selingen in huidtemperatuur zijn bovendien niet typisch voor de zoge-
naamde tweede fase, maar werden gezien in alle fasen na inspanning, 
pijnlijke prikkels, bij afhangende extremiteit of na wisselingen in omge-
vingstemperatuur. 
RSD komt met name in extremiteiten voor en wel met name in de perifere 
delen van extremiteiten. Slechts zelden wordt RSD gezien aan de romp of 
het hoofd (hoofdstuk 5). 
Schouderklachten treden op bij ± 20% van de patiënten met een RSD gelo-
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kaliseerd aan de bovenste extremiteit en vaker bij vrouwen (hoofdstuk 6). 
Zij worden veroorzaakt door een tendinitis van één of beide bicepspezen. 
Lokale toediening van bupivacaine gevolgd door methylprednisolone is 
een diagnostisch hulpmiddel en een therapeutische maatregel. 
Vaak wordt RSD toegeschreven aan de gevolgen van een zenuwletsel. Bij 
75 RSD patiënten met neurologische symptomen werd daarom electro-
myografisch onderzoek verricht (hoofdstuk 7). De resultaten konden echter 
nooit de aanwezige neurologische stoornissen verklaren. Aangezien de 
neurologische symptomen aanwezig zijn in een regionaal gebied - dus niet 
gerelateerd aan het verzorgingsgebied van een perifere zenuw of zenuw-
wortel - lijkt een metabole oorzaak meer de voor de hand liggend. 
Parese is steeds aanwezig. Deze kan toenemen totdat de patiënt geen enkele 
actieve beweging meer kan uitvoeren. Deze Pseudoparalyse kan niet worden 
toegeschreven aan een zenuwletsel (hoofdstuk 8). Onderzoek met behulp 
van het klassieke EMG en single fiber EMG toonde geen stoornissen in de 
perifere zenuw of neuromusculaire transmissie. De oorzaak moet gezocht 
worden in perifere mechanismen - waarschijnlijk gelegen op cellulair niveau. 
Recidieven van RSD in dezelfde extremiteit - na een periode van geringe of 
geen klachten - of in een andere extremiteit werden gezien bij 10% van de 
patiënten (hoofdstuk 9). Dit percentage zal stijgen daar in de toekomst 
waarschijnlijk nog meer patiënten een recidief zullen ontwikkelen. Recidie-
ven treden vaker op bij vrouwen en op jonge leeftijd. Recidieven beginnen 
vaak met weinig symptomen waardoor de diagnostiek moeilijk is. 
Bij chronische patiënten kunnen complicaties optreden (hoofdstuk 10). 
Toename van de klachten bij afhangende extremiteit, contracturen of 
spontane haematoomvorming werden soms gezien. Oedeem kan toene-
men totdat het beeld als bij elefantiasis ontstaat, met name wanneer com-
pressietherapie niet wordt verdragen door tegelijkertijd aanwezige hyper-
pathie. Trofische ulcera of infecties kunnen optreden. Trofische ulcera 
kunnen geïnfecteerd raken met anaërobe bacteriën. 
Dystönien worden zelden gezien bij RSD patiënten (hoofdstuk 11). Een 
effectieve therapie is nooit beschreven. Bij 2 patiënten werden alle 
bekende therapieën toegepast, onder andere injecties met Botuline Toxine, 
maar niets hielp. 
Operatieve therapie kan RSD niet genezen, doch lokale problemen in extre-
miteiten getroffen door RSD kunnen chirurgische therapie noodzakelijk 
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maken (hoofdstuk 12). Vaak wordt echter gedacht dat chirurgische thera-
pie niet toegepast mag worden daar dit de klachten zou verergeren. Na 
operatieve therapie vonden wij bij 6 uit 47 patiënten (13%) een recidief 
waarvan slechts bij één patiënt ernstig. Steeds werd de operatie uitgesteld 
totdat de zuurstofvoorziening van de getroffen extremiteit was geoptimali-
seerd. 
Vele patiënten met chronische ernstige pijn vragen ons om amputatie van 
de getroffen extremiteit (hoofdstuk 13). Pijn is echter een slechte indicatie 
voor amputatie; het resultaat kan niet worden voorspeld. Amputatie kan 
wel met succes worden uitgevoerd om chronisch recidiverende infecties te 
bestrijden. Amputatie kan de resterende functies van een extremiteit doen 
toenemen, met name bij een RSD van de onderste extremiteit gepaard met 
hyperpathie en toename van de klachten bij afhangen. 
Samenvattend zien we dat RSD alle functies van de extremiteit verstoord, 
alle weefsels treft en dat de zuurstofextractie is gestoord (hoofdstuk 14). 
RSD wordt onder andere gekenmerkt door sympathische en neurologische 
stoornissen maar beide kunnen niet het ontstaan verklaren. Zowel de klini-
sche als experimentele bevindingen wijzen op een overdreven ontste-
kingsreactie als oorzaak. Wanneer we dit syndroom een naam geven lijkt 
daarom regional multiple dysfunction syndrome beter gekozen dan reflex 
sympathetic dystrophy. 
Conclusies 
- RSD wordt in zijn acute fase gekenmerkt door alle tekenen van ontste-
king welke toenemen na inspanning. 
- In RSD kunnen alle functies gestoord raken en alle structuren getroffen 
worden. 
- De ontwikkeling van RSD volgens 3 fasen, beginnend met een warme 
huidtemperatuur, gevolgd door een fase met wisselende huidtempera-
tuur en eindigend in een fase met een koude huidtemperatuur, is niet 
reëel. 
- Operaties aan extremiteiten getroffen door RSD kunnen veilig worden 
uitgevoerd wanneer men erop toeziet dat de zuurstofvoorziening is 
geoptimaliseerd. 
- Onhoudbare pijn ten gevolge van RSD is een slechte indicatie voor 
amputatie. De resultaten kunnen niet worden voorspeld. Met amputatie 
kan men recidiverende infecties met succes bestrijden of resterende 
functies verbeteren. 
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- RSD wordt onder andere gekenmerkt door sympathische stoornissen 
maar het wordt niet veroorzaakt door een stoornis van het sympathisch 
zenuwstelsel. 
- RSD wordt niet veroorzaakt door zenuwletsel. 
- De stoornissen bij RSD kunnen worden samengevat als een overdreven 
ontstekingsreactie op een letsel. 
- De naam regional multiple dysfunction syndrome past beter bij dit syn-
droom dan reflex sympathetic dystrophy. 
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